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INHERITANCE eonl/nu^d— REVERSION OR ATAVISM. 






PIGEONS, FOWLS, 



S CULTIVATED PLANTS 



VERSION TIIBOUOII BCD-PROPAOATION, . 
AME FLOWER OB FRUIT— IN DIFFERENT PA 
SAME ANIMAI.— THE ACT OF CROSSING A DIR 
VARIOUS CASES OF, WITH INSTINCTS — OT 
PROXIMATE CAUSES OP REVERSION — LATENT CHARACTERS — 

BEXUAL CHARACTERS— UNEQUAL DEVELOPMENT OF THE TWO SIDES OF 
THE BODT — APPEARANCE WITH ADVANCING AGE OP CHARACTERS DERIVED 
PROM A CROSS — THE GERM, WITH AIJ, ITS LATENT CHARACTERS, A 
WONDERFUL OBJECT — MONSTROSITIES — PELORIO FLOWERS DUE IN SOME 



The great principle of inheritance to he discussed in this 
chapter has been recognised by agriculturists and authors of 
various nations, as shovun by the scientific term Atavism, de- 
rived from atavus, an ancestor; by the English terms of 
Reversion, or Throwing-hack; by the French Pas en-Arriere ; 
and by the Grciman RiickseMag, or Riickschrilt. When the 
child resembles either grandparent more closely than its 
immediate parents, our attention is not much arrested, though 
in truth the fact is highly remarkable ; hut when the child 
resembles some remote ancestor or some distant member in a 
collateral line, — and in the last case we must attribute this to 
the descent of all the members from a common progenitor, — 
wo feel a just degree of astonishment. When one parent 
alone displaj-s some newly-acquired and generally inheritable 

VOL. II. B 
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character, and the offspring do not inherit it, the cause maj’ 
lie in the other parent having the power of prepotent trans- 
mission. But when both parents are similarly characterised, 
and the child dpes not, whatever the cause may be, inherit 
the character in question, but resembles its grandparents, we 
have one of the simplest cases of reversion. We continually 
see another and even more simple case of atavism, though 
not generally included under this head, namely, when the son 
more closely resembles his maternal than his paternal grand- 
sire in some male attribute, as in any peculiarity in the beard 
of man, the horns of the bull, the hackles or comb of the cock, 
or, us in certain diseases necessarily confined to the male sex ; 
for as the mother cannot possess or exhibit such male attri- 
butes, the child must inherit tliem, through her blood, from 
his maternal grandsire. 

The cases of reversion may be divided into two main classes 
which, however, in some instancos, blend into one another; 
namely, first, those occurring in a variety or race which has 
not been crossed, but has lost by variation some character 
that it formerly po.ssesscd, and which afterwards reappears. 
The second class includes all cases in which an individual 
with some distinguishable character, a race, or species, has at 
some former period been crossed, and a character derived from 
this cross, after having disappeared during one or several j 
generations, suddenly reappears. A third class, differing only 
in the manner of reproduction, might bo formed to include 
all cases of reversion effected by means of buds, and thci-eforo 
independent of true or seminal generation. Perhaps even a 
fourth class might bo instituted, to include reversions by seg- 
ments in the same individual flower or fruit, and indiflerent 
parts of tlio body in the same individual animal as it gi-ows 
old. But the two first main classes will bo sufficient for our 
purpose. 

RevertioH lo loti Characters hy pure or uncrossed forms . — 
.Striking instancos of this first class of cases were given in 
the sixth chapter, namely, of the occasional reappearance, in 
variously-coloured breeds of the pigeon, of blue birds with all 
the marks characteristic of the wild Columba livia. Similar 
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cases were given in the case of the fowl. With the common 
ass, as tlie legs of the wild progenitor are almost always 
striped, we may feel assured that the occasional appearance 
of such stripes in the domestic animal is a case of simple 
reversion. But I shall bo compelled to refer again to these 
oases, and therefore here pass them over. 

The aboriginal species from which our domosticate<l cattle 
and sheep are desconde<l, no donht possessed horns ; hut 
several hornless breeds are now well established. Yet in 
these — for instance, in Southdown sheep — “ it is not unusnal 
to find among the male lambs some with small horns.” The 
horns, which thus occasionally reappear in other polled breeds, 
either “ grow to the full size,” or are curiously attacho<l to the 
skin alone and hang “loosely down, or drop o.f.”‘ The 
Galloways and Suffolk cattle have been hornless for the last 
100 or 160 years, but a horned calf, with tlio horn often 
loosely attached, is occasionally produced.'' 

There is reason to believe that sheep in their early domesti- 
cated condition were “brown or dingy black;” but even in 
the time of David certain flocks were spoken of as white ns 
snow. During the classical period the sheep of Sixiin are 
descrilxKl by several ancient authors as being black, re<l, or 
ta'wny.^ At the present day, notwithstanding the great care 
which is taken to prevent it, particoloured lambs and some 
entirely black are occasionally, or even frequently, dropped 
by our most highly improvetl and valued breeds, such as the 
Southdowns. 6inco the time of the famous Bakewcll, during 
the last century, the Leicester sheep have been bred with the 
most scrupulous care ; yet occasionally grey-facc<l, or black- 
spotted, or wholly black lambs appear.* T his occurs still 
more frequently with the less improved breeds, such as the 
Norfolks.* As bearing on this tendency in sheep to revert 
to dark colours, I may state (though in doing so I trench on 



' VouAtt on Sheep, pp. 20, 234. 
The uine fact of loose horns oc- 
eisionallj appearing in hornless bree Is 
has been obserr^ in Germany ; 
BechsUin, * Naturgeich. Beutsch- 
lanas.’ b. i. s. 362. 

* Yonatt on Cattle,, pp. 155, 174. 

• Yonatt on Sheep, 1838, pp. 17, 



< I hare been informed of this fact 
through the Kev. W. V. Foi, on the 
excellent authority of ilr. Wilmot: 
tee, also, remarks on this subject in 
an article in the ‘Quarterly Review,’ 
1849, p. 395. 

‘ Youatt, pp. 19, 234. 
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the reversion of crossed breeds, and likewise on the subject of 
prepotency) that the Rev. W. 1). Fox was informed that seven 
white Southdown owes were put to a so-called Spanish ram, 
which ha<l two small black spots on his sides, and they pro- 
duced thirteen lambs, all perfectly black. Mr. Fox believes 
that this ram belonged to a breed which he has himself kept, 
and which is always spotted with black and white ; and he 
finds that Leicester sheep crossed by rams of this breed always 
produce black lambs : ho has gone on rccrossing these crossed 
sheep with pure white Lcioesters during three successive 
generations, b«it always with the same result. Mr. Fox was 
also told by the friend from whom the spotted breed was 
procured, that ho likewise had gone on for six or seven gene- 
rations crossing with white sheep, but still black lambs were 
invariably produced. 

•Similar facts could be given with respect to tailless breeeds 
of various animals. For instance, Mr. Hewitt “ states that 
chickens bred from some mmpless fowls, which were reckoned 
so gootl that they won a prize at an exhibition, “ in a consider- 
ablo numl)cr of instances were furnished with fnlly developed 
tail-feathers.” On inquiry, the original breeder of these fowls 
stated that, from the time when ho had first kept them, they 
had often produced fowls furnished with tails ; but that these 
latter would again reproduce rumpless chickens. 

Analogous cases of reversion occur in the vegetable king- 
dom : thus “ from soetls gathered from the finest cultivated 
varieties of Heartsease ( Fiofa /riWor), plants perfectly wild 
both in their foliage and their flowers are frequently pro- 
duced ’ but the reversion in this instance is not to a very 
ancient period, for the l)cst existing varieties of the heartsease 
are of comparatively modem origin. AVith most of our cnl- 
tivateil vegetables there is some tendeney to reversion to 
what is known to be, or may bo presumed to be, their abori- 
ginal state ; and this would be more evident if gardeners did 
not generally look over their beds of seetllings, and pull up 

• ‘ The I'ooltry Bonk,’ by Mr. ranch experience on this snbject, h» 
Tefpitraeier, 1S66, p. 231. likewise »sure<l rae that thU some- 

’ Lonilon’s ‘ GarJ. Slaf[.,’ toI. i., time* ocenre. 

1834, p. 396: a nnrserymafl, with 
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the false plants or “rognes” as they are called. It has 
already l>cen remarke<l, that sonic few scetlling apples and 
pears generally resemble, but apparently are not identical 
with, the wild trees from which they arc descended. In onr 
turnip * and carrot-beds a few plants often “ break ” — that is, 
flower too soon ; and their roots are generally hard and 
stringy, as in the parent-spocies. By the aid of a little 
selection, carried on during a few generations, most of our 
cultivated plants could probably be brought bock, without 
any great change in their conditions of life, to a wild or 
nearly wild condition : Mr. Bnckman has effected this with 
the parsnip ; * and Jlr. Hewett C. Watson, as he informs me, 
selected, during throe generations, “ the most diverging 
plants of Scotch kail, perhaps one of the least modifleil 
varietios of the cabbage ; and in the thinl generation Kimo 
of the plants came very close to the forms now established in 
England about old castle-walls, and called indigenous.” 

Becertion in Animalt and Plan/s which have run wild.— In 
the cases hitherto considered, tho reverting animals and 
plants have not been exjioscd to any great or abrupt change 
in their conditions of life which could have induced this 
tendency ; but it is very different with animals and plants 
which have become feral or run wild. It has been repeate<lly 
assorted in the most positive manner by various authors, that 
feral animals and plants invariably return to their primitive 
specific type. It is curious on what little evidence this belief 
rests. Slany of our domesticated animals could not subsist 
in a wild state ; thus, tho more highly improved breetls of 
tho pigeon will not “ field ” or searcli for their own food. 
8h«>ep have never become feral, and would bo destroyed by 
almost every beast of prey.'® In several cases wo do not 
know the aboriginal parent-species, and cannot possibly tell 



I., 1862, p. 721. 

'. Boner (peaks (‘Chamois- 
2nd edit., 1860, p. 92) of 



found that ther an not able to es- 
tablish themselres; they generally 
perish from the frozen snow clinginK 
to their wool, and they hare lost the 
skill necessary to pass over steep icy 
slopes. On one occasion two ewra 
surrired the winter, bnt their lambs 
perished. 
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whether or not there has been any close degree of reversion. 
It is not known in any instance what variety was first turned 
out : several varieties have probably in some cases run wild, 
and their crossing alone would tend to obliterate their proper 
character. Our doraosticated animals and plants, when they 
ntn wild, must always be exposed to new conditions of life, 
for, as Jlr. Wallace" has well remarked, they have to obtain 
their owm food, and are exposed to competition with the native 
productions. Under these circumstances, if our domesticated 
animals did not undergo change of some kind, the result 
would ho quite opposed to the conclusions arrived at in this 
work. Neverthelc.sa, I do not doubt that the simple fact 
of animals and plants becoming feral, does cause some 
tendency to reversion to the primitive state ; though this 
tendency has been much exaggerated by some authors. 

I will briefly run through the recorded cases. AVith neither 
horses nor cattle is the primitive stock known ; and it has been 
shown in former chapters that they have assumed different colours 
in different countries. Thus the horses which have run wild in 
South America are generally brownish-bay, and in the East dun- 
coloured; their heads have become larger and coarser, and this 
may lie due to reversion. No careful description has been given of 
the feral goat. Dogs which have run wild in various countries 
have hardly anywhere assumed a uniform character; but they are 
prol>ably descended from several domestic races, and aloriginally 
from several distinct sixties. Feral cats, both in Europe and 
La Plata, are regularly striped ; in some cases they have grown to 
an unusually large size, but do not difier from the domestic animal 
in any other character. When variously-coloured tame rabbits 
are turned out in Europe, they generally reacquire the colouring of 
the wild animal ; there can l e no doubt tlwt this does really occur, 
but we should remember that oddl.v-coloured and conspicuous 
animals would suffer much from Itcnsts of prey and from l>eing 
easily shot ; this at least was tlie opinion of a gentleman who tried 
to stock his woods with a nearly white variety ; if thus destroyed, 
they would l)e supplanted by, instead of lieing transformed into, 
the common rabbit. We have seen that the feral rabbits of Jamaica, 
and especially of Porto Santo, have assumed new colours and other 
new characters. The best known case of reversion, and that on 
which the widely spread lielief in its universality apparently rests, 
is that of pigs. These animals have run wild in the West Indies, 
.South America, and the Falkland Islands, and have everywhere 



" See earn* eicelleat remarks on Proc. Linn. Soc.,’ 1858, vol. iii. p. 60. 
this sutject by Hr. IVallace, ‘Journal 
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acquired the dark colour, the thick hrisUes, and great tusks of the 
wild boar; and the young have reacquired longitudinal stripes. 
But even in the case of the pig, Rouiin descrilK?s the half-wild 
animals in different parts of South America as differing in several 
respects. In Louisiana the pig“ has run wild, and is said to differ 
a little in form, and much in colour, from the domestic animal, yet 
does not closely resemble the wild boar of Europe. With pigeons 
and fowls,“ it is not known what variety was first turned out, nor 
what character the feral birds have assumed. The guinea-fowl in 
the West Indies, when feral, seems to vary more than in the 
domesticated state. 

With respect to plants run wild. Dr. Hooker” has strongly 
insisted on what slight evidence the common belief in their 
reversion to a primitive state rests. Godron” describes wild 
tumiim, carrots, and celery; but these plants in their cultivated 
state hardly differ from their wild prototypes, except in the succn- 
Icncy and enlargement of certain ^rts, — characters which would 
certainly he lost by plants growing m poor soil and struggling with 
other plants. No cultivated plant has run wild on so enormous 
a scale as the cardoon (Cynam cardunculu*) in La Plata. Every 
botanist who has seen it growing there, in vast beds, ns high as 
a horse’s Iwick, has liecn struck with its pwuliar appearance ; but 
whether it differs in any important point from the cultivated 
Spanish form, which is said not to be prickly like its American 
descendant, or whether it differs from the wild McditciTanesn 
species, which is said not to be social (though this may be due 
merely to the nature of the conditions), I do not know. 



Beversion to Characters derived from a Cross, in the case of 
Sub-rarieties, Races, and Species. — When an individual having 
some recognisable peculiarity nnites with another of the same 
suli-variety, not having the peculiarity in question, it often 
reappears in the descendants after an interval of several gene- 
rations. Every one must have noticed, or heard from old 
people of children closely resembling in appearance or mental 
disposition, or in so small and complex a character as expres- 



” IhireaadeU Malle, in ‘Comptea 
Kendus.' tom. xli., 1855, p. 807. 
From the atatemente above given, the 
author ronclodes that the wild piga 
of Loniaiana are not descended from 
the Enropean Sut Krofa. 

'• Capt. W. Allen, in hU ‘ Expe- 
dition to the Niger,' sUtea that fowls 
hare run wild on the island of Anno- 
bon, and have become modiiied in 
form and voice. The account is so 
meagre and vague that it did not 



appear to me worth copying; but I now 
find that Duieaude la Malle ^‘Comp- 
tea Kendus,’ tom. xli., 1855, p. 090) 
advances this as a good instance of 
reversion to the primitive stock, and as 
confirmatory of a still more vague 
statement in classical times by Varro. 

” ‘Flora of Australia,’ 1859, In- 
troduct., p. ix. 

** ‘De I'Espbce,’ tom. ii. pp. 54, 
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sion, one of their grandparents, or some more distant collateral 
relation. Very many anomalies of structure and diseases,** i 
of which instances have been given in the last chapter, have 
come into a family from one parent, and have reappeared 
in the progeny after passing over two or three generations. 

The following case has been communicated to mo on good ! 
authority, and may, I believe, be fullj' trusted : a pointoy-bitch 
pnxluced seven puppies; four were marked with blue and 
white, which is so unusual a colour with pointers that she was 
thought to have played false with one of the greyhounds, and 
the whole litter was condemned ; but the gamekeeper was per- 
mitted to save one as a curiosity. Two years afterwards a 
friend of the owner saw the young dog, and declared that he ' 
was the image of his old pointer-bitch Sappho, the only blue ' 
and white pointer of pure descent which he had ever seen. 

This led to close inquiry, and it was proved that he was the ; 
great-great-grands(m of Sappho; so that, according to the 
common expression, he had only l-lfith of her blood in his 
veins. I may give one otlior instanoo, on the authority of 
!Mr. R. Walker, a large cattle-breeder in Kincardineshire. 

He bought a black bull, the son of a black cow with white 
legs, white belly and jiart of the tail white; and in 1870 
a calf the gr.-gr.-gr.-gr.-grandchild of this cow was l)om 
colouretl in the same very peculiar manner ; all the inter- 
mediate offspring having Ireen black. In these cases there 
can hardly bo a doubt that a character derived from a cross 
with an individual of the same variety reappeared after 
liassing over throe generations in the one case, and five in the 
other. 

When two distinct races are crossetl, it is notorious that the 
tendency in tlio offspring to revert to one or both jwirent- 
forms is strong, and endures for many generations. I have 
myself seen the clearest evidence of this in crossed pigeons 
and with various plants. Mr. Sidney *’ states that, in a litter 
of Essex pigs, two young ones appeared whieh were the imago 
of the Berkshire boar that had been used twenty-eight years 

“ Mr. Sedgwick gives many in- July, 1863, pp. 448, 188. 
stances in the ‘ British and Foreign " In his edit, of ‘ Vouatt on the 
Med.-Chirurg. Review,’ April and Pig,’ 1860, p. 27. 
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before in giving size and constitution to the breed. I ob- 
serve<l in the farmyard at Betley Hall some fowls sliowing a 
strong likeness to the Malay breed, and was told by Mr. 
Toilet that he had forty years before crossed his birds with 
Slalays ; and that, though ho had at first attempted to get 
rid of this strain, ho had subsequently given up the attempt 
in despair, as the Malay character would reappear. 

This strong tendency in crossed breeds to revert has given 
rise to endless discussions in how many generations after a 
single cross, either with a distinct breed or merely with an 
inferior animal, the breed may bo considered as pure, and free 
from all danger of reversion. No one supposes that less than 
throe generations suffices, and most breeders think that six, 
seven, or eight are necessary, and some go to still greater 
lengths.** But neither in the case of a breed which has been 
oontaminated by a single cross, nor when, in the attempt to 
form an intermediate breed, half-bred animals have been 
matched together during many generations, can any rule be 
laid down how soon the tendency to reversion will lx; oblitera- 
ted. It depends on the difierenco in the strength or pre- 
potency of transmission in the two parent-forms, on their 
actual amount of difference, and on the nature of the con-i 
ditions of life to which the crossed offspring are exposed. But 
we must be careful not to confound these cases of reversion to 
diaracters which were gained by a cross, with those under the 
first class, in which characters originally common to loth 
parents, but lost at some former period, reappear ; for such 
^racters may recur after an almost indefinite number of 
generations. 

The law of reversion is as powerful with hybrids, when 
they are sufficiently fertile to breed together, or when they 
are rejxjatedly crossed with either pure parent-form, as in the 
case of mongrels. It is not necessary to give instances. 
With plants almost every one who has worked on this sub- 
ject, from the time of Kolreutcr to the present day, has 
insisted on this tendency. Gartner has recorded some good 
instances; but no one has given more striking ones than 

•• Dr. P. Lnc*s, ‘ Hir^d. Nst.,’ ‘ Gari. Chronicle,’ 1836, p. 620. I 
tom. ii. pp. 314, 892: a good could add a vast number of references, 

practical article on the subject in but they would be su]>erfluuas. 



© The Complete Work of Charles Darwin Online 



10 

Xaudin.** 



I\HEniTANCE. 




The tendency differs in degree or strength in 
3, and partly depends, as we shall presently 
r the parent-plants have been long cultivated. 
! tendency to reversion is extremely general 
11 mongrels and hybrids, it cannot bo considered 
y characteristic of them ; it may also he mastered 
by long-continued selection ; but these subjects will more 
properly bo di8cusse<l in a future chapter on Crossing. From 
what wo SCO of the power and scope of reversion, both in pure 
races, and when varieties or species are crossed, we may infer 
that characters of almost every kind are capable of reappear- 
ing after having been lost for a great length of time. But it 
does not follow from this that in each particular case certain 
characters will reapj>ear; for -instance, this will not occur 
when a race is crossed with another endowed with prepotency 
of transmission. Sometimes the power of reversion wholly 
fails, without our being able to assign any cause for the 
failure : thus it has been stated that in a French family in 
which 85 out of above 600 members, during six generations, 
had been subject to night-blindness, “ there has not been a 
single example of this affection in the children of parents who 
%vere themselves free from it.”^“ 

Becertion through Bud-propagation — Partial Reversion, hy seg- 
ments in the same flower or fruit, or in different parts of the body 
in the same individual animal.— In the eleventh chapter many 
cases of reversion by buds, independently of si 
tion, were given — as when a leaf-bud on a 
curled, or laciuiated variety suddenly i 
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by segments. Vilmorin has also recorded several cases with 
planti derived from sce<l, of flowers reverting by 8tri])C8 or 
blotches to their primitive colours: ho states that in all such 
cases a white or pale-coloured variety must first be formed, 
and. when this is proi>agate<l for a length of time by seed, 
strii>ed seedlings occasionally make their apitoarance ; and 
these can afterwards by care bo multii)lied by seed. 

The stripes and segments just referred to are not due, as far 
as is known, to reversion to characters derived from a cross, 
but to characters lost by variathm. These cases, however, as 
Nandin” insists in his discussion on disjunction of cliaracter, 
are closely analogous with those given in the eleventh chapter, 
in which crossed plants have been known to produce half- 
and-half or striped flowers and fruit, or distinct kinds of 
flowers on the same root resembling the two |tarent-formia 
Many pielmld animals probably come under this same head. 
Such cases, as wo shall sec in the chapter on Crossing, appa- 
rently result from certain clmractcrs not readily blending 
together, and, ns a oonse<iucnoo of this incapacity for fusion, 
the ofl'spring either perfectly resemblo tmo of their two 
parents, or resemble one parent in one part, and the other 
]iarent in another ]iart ; or whilst young are intermediate in 
character, but with advancing age revert wholly or by seg- 
ments to either parent-form, or to both. Thus, young trees 
of the Cylimt adami are intermediate in foliage and flowers 
between the two parent-forms; but when older the buds 
continually revert either partially or wholly to both forms. 
The cases given in the eleventh chapter on the changes which 
ocenrretl during growth in crossed plants of Tropseolnm, Cereus, 
Datura, and Lathyrus are all analogous. As, however, these 
plants are hybrids of the first generation, and as their buds 
after a timo come to resemble their parents and uot their 
grandparents, those cases do not at first a]>pear to come under 
the law of revereion in the ordinary sense of the word ; never- 
theless, as the change is effectc<l through a suecossion of bud- 
generations on the same plant, they may be thus included. 

Analogous facts have been observed in the animal kingdom, 

« Vcriot, ‘ D«s VsrMtw,’ 1865, tom. i. p. 25. Al«i. Braun (io hu ‘ K«- 
p. 63. juvvnesceoce/ KarSoc., 1653» p. 315) 

” ‘Xottvellw Archiretdu Museum,* appareDtly holds'a similar opiuion. 
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and are more romarkablo, as they occur in the same individual 
in the strictest sense, and not as witli plants through a suc- 
cession of hud-generations. With animals the act of rever- 
sion, if it can be so designated, does not pass over a true 
generation, but merely over the early stages of growth in the 
same individual. For instance, I crossetl several white hens 
with a black cock, and many of the chickens were, during the 
first year, perfectly white, but acquired during the second year 
black feathers; on the other hand, some of the chickens 
which were at first black, became during the second vear 
piebald with white. A great breeder” says, that a Pencilled 
Brahma hen which has any of the blood of the Light Brahma 
in her, will “occasionally jiroduce a pullet well pencilled 
during the first year, but she will most likely moult brown on 
the shoulders and become quite unlike her original colours in 
the second year.” The same thing occurs with light Brahmas 
if of impure blood. I have observed exactly similar cases 
with the crossed offspring from differently colourwl pigeons. 
But here is a more remarkable fact : I crossed a turbit, which 
has a frill formed by the feathers being reversed on its breast, 
with a trumpeter ; and one of the young pigeons thus raised 
at first showed not a trace of the frill, but, after moulting 
thrice, a small yet unmistakably distinct frill appeared on 
its breast. According to Girou,” calves produced from a red 
cow by a black bull, or from a black cow by a red bull, are 
not rarely bom red, and subsequently become black. I 
possess a dog, the daughter of a white terrier by a fox- 
coloure<l bulldog ; as a puppy she was quite white, but when 
about six months old a black spot appeared on her nose, and 
brown spots on her cars. V\ hen a little older she was badly i 
wounded on the back, and the hair which grow on the I 
cicatrix was of a brown colour, apparently derived from 
her father. This is the more remarkable, as with most j 
animals having coloured hair, that which grows on a wounded ■ 
surface is white. 

In the foregoing cases, the characters which with advancing I 
age reappeared, were present in the immediately preceding 



” Mr. Twhay, in ‘ 
Book,' bj Mr. Tegetme 



The Poultry 
icr, 1866, p. 



Quoted by Hofecker, ‘ Ueber die 
Eigenschaften,’ kc., s. 98. 
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gcncratioiiR ; but characters sometimes reappear in the same 
manner after a much longer interval of time. Thus the 
calves of a hornless race of cattle which originated in 
Corrientes, though at first quite hornless, as they become 
adult sometimes acquire small, crooked, and loose horns ; and 
these in succeeding years occasionally l>ecomo attached to the 
skull.“ White and black Itant4mis, both of which generally 
breed true, sometimes assniue ns they grow old a saffron or 
re<l plumage. For instance, a first-iate black Iwntam has 
been descril>e<l, which during three seasons was jterfectly 
black, but then annually became more and more red ; and it 
desen'es notice that this tendency to change, whenever it 
occurs in a Imntam, “ is almost certain to prove hereditary 
The cuckoo or blue-mottled Dorking cock, when old, is liable 
to acquire yellow or orange hackles in place of his proper 
blnish-grcv hackles.^’ Now as Gallut baitkiva is coloured red 
and orange, and as Dorking fowls and Inntams are descended 
from this species, wo can hardly doubt that the change which 
occasionally occurs in the plumage of these birds as tlieir ago 
advances, results from a tendency in the individual to revert 
to the primitive tyj>e. 



Crottiwj at a direel catte of Sererilon . — It has long been 
notorious that hybrids and mongrels often revert to both or 
to one of their jiarent forms, after an interval of from two to 
seven or eight, or, according to some authorities, even a greater 
number of goneratious. Kut that the act of crossing in itself 
gives an impulse towards reversion, as shown by the reap- 
pearance of long-lost characters, lias never, I believe, been 
hitherto proved. The proof lies in certain peculiarities, which 
do not characterise the immediate parents, and therefore can- 
not have liecn derived from them, frequently appearing in the 
offspring of two broods when crossed, which peculiarities 
never ap]K>ar, or apjiear with extreme raritj', in these same 
breeds, as long as they are precluded from crossing. As this 



’* Azarn. ‘ Em«m Hist. Nat. de 
Pangnar.’ tom. ii. 1801, p. 372. 

“ Thtso facta are given on the 
high anthorit}' of Mr. Hewitt, in 



‘The Ponltry Book,’ by Mr. Teget- 
meier, 18t>6, p. 248. 

” ‘The Poultry Book,’ by Teget- 
meier, 1866, p. 97. 
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conclusion soems to me highly curious and novel, I will give 
the evidence in detail. 

My attention was first called to this subject, and I was led to 
make numerous experiments, by MM. Boitard and Corbie having 
stated that, when they cros^ certain breeds of pigeons, birds 
coloured like the wild C. Uviu, or the common dovecot— namely, 
slaty-blue, with double black wing-bars, sometimes chequered 
with black, white loins, the tail barred with black, with the outer 
feathers edged with white,— were almost invariably produced. The 
breeds which I crossed, and the remarkable results attained, have 
been fully described in the sixth chapter. I selected pigeons 
belonging to true and ancient breeds, which had not a trace of blue 
or any of the above specified marks ; but when crossed, and their 
mongrels recrossed, young birds were often produced, more or less 
plainly coloured slaty-blue, with some or all of the proper charac- 
teristic marks. I may recall to the reader's memory one case, 
namely, that of a pigeon, hardly distinguishable from the wild 
Shetland species, the grandchild of a red-spot, white fantail, and 
two black barbs, from any of which, when purely-bred, the produc- 
tion of a pi^n coloured like the wild C. livia would have been 
almost a prodig)'. 

I was thus led to make the experiments, recorded in the seventh 
chapter, on fowls. I selected long-established pure breeds, in 
wliich there was not a trace of red, yet in several of the mongrels 
feathers of tliis colour appeare<l ; and one magniHcent bird, tho 
offspring of a black Spanish cock and white Silk hen, was coloured 
almost exactly like the wild Oallus bankivi. All who know any- 
thing of the breeding of iioultry will admit that tens of thousands 
of pure Spanish and of pure white Silk fowls might have l)een 
rcai-ed without tho appearance of a red feather. The fact, given on 
the authority of Mr. Tegetmeier, of the frequent appearance, in 
mongrel fowls, of pencilled or transversely-barred feathers, like 
those common to many gallinaceous birds, is likewise ap]>arcntly a 
case of reversion to a character formerly possessed by some ancient 
progenitor of the family. I owe to the kindness of this excellent 
observer the opportunity of inspecting some ncck-backles and tail- 
feathers from a hybrid between the common fowl and a very distinct 
species, tho Oalhu varius; and these feathers are transversely 
striped in a conspicuous manner with dark metallic blue and grey, 
a character which could not have been derived from either immediate 
parent. 

I have been informed by Mr. B. P. Brent, that he crossed a white 
Aylesbury drake and a black so-called Labrador duck, both of 
which are true breeds, and he obtained a young drake closely like 
the mallard (A. bosduu). Of the musk-duck (A. nwKhaUt, Linn.) 
there are two sub-breeds, namely, white and slate-coloured ; and these 
I am informed breed true, or nearly true. But tho Kev. W. D. Fox 
tells mo that, by putting a while drake to a slate-coloured duck. 
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black birds, pied with white, like the wild musk.<luck, were always 
produced. I hear from Mr. Blyth that hybrids from the canary 
and gold-finch almost always have streaked feathers on their boeb; 
and this streaking must be derived from the original wild canary. 

We have seen in the fourth chapter, that the so-called Himalayan 
rabbit, with its snow-white body, black oars, nose, tail, and feet, 
breeds perfectly true. This race is known to have been formed by 
the union of two varieties of silver-grey rabbits. Now, when a 
Himalayan doe was crossed by a sandy-coloured buck, a silver-grey 
rabbit was produced ; and this is evidently a case of reversion to 
one of the parent varieties. The young of the Himalayan rabbit are 
bom snow-white, and the dark marks do not ap|x»r until some 
time subsequently; but occasionally young Himalayan rabbits are 
bom of a light silver-grey, which colour soon disappears ; so that 
here we have a trace of reversion, during an early period of life, to 
the parent varieties, independently of any recent cross. 

In the third chapter it was shown that at an ancient period 
some breeds of cattle in the wilder jjarts of Britain were white with 
dark ears, and that the cattle now kent luilf wild in certain parks, 
and those which have run quite wild in two distant parts of the 
world, are likewise thus coloured. Now, an experienced breeder, 
Mr. J. Beasley, of Northamptonshire,” crossed some carefully 
selected West Highland cows with purely-bred shorthorn bulli 
The bulls were red, red and white, or dark roan ; and the Highland 
cows were all of a red colour, inclining to a light or yellow shade. 
But a considerable numlier of the offspring— and Mr. Beasley calls 
attention to this as a remarkable fact — were white, or white with 
red ears. Bearing in mind that none of the parents were white, 
and that they were purely-bred animals, it is highly probable that 
here the offspring reverted, in consequence of the cross, to the 
colour of some ancient and half-wild parent-breed. The following 
ca.se, perhaiw, comes under the same head : cows in their natural ’ 
state have their udders but little develoiKsl, and do not yield nearly 
so much milk as our domesticated animals. Now there is some 
reason to believe” that cross-bred animals between two kinds, both 
of which are good milkers, such as Alderneys and Shorthorns, often , 
turn out worthless in tliis respect. 

In the chapter on the Horse rca-sons were assigned for believing 
that the primitive stock was striped and dun-coloured ; and details 
were given, showing that in all jiarts of the world stripes of a dark 
colour frequently appear along the spine, across the legs, and on 
tlie shoulders, where they are occasionally double or treble, and 
even sometimes on the face and body of horses of all bre^ and of 
all colours. But the stripes appear most frequently on the various 



“ ‘GsHcur’a Chron. and Agri- 
cnUnral Gazette,’ 1806, p. 528. 

” Ibid., 1800, p. 343. 1 am glad 
to find that »o experienced a breeder 



of cattle ae Mr. Willoughby W<»d 
(‘ Gard. Chron.’ 1809, p. 1216), admila 
my principle of a crosa giving a 
tendency to reversion. 
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kinds of duns. In fuals they are sometimes plainly seen, and 
snlisequcntly disappear. The dun-colour and the stripes are 
strongly tranjanitM when a horse thus characterised is croased 
with any other; but I was not able to prore that striped duns are 
generally produced from the crossing of two distinct breeds, neither 
of which are duns, tbongh this does aometimos occur. 

The legs of the ass are often striped, and this may considered as 
a reversion to the wild parent form, the i^ittutUmioputot Abyssinia,* 
which is generally thus striped. In the domestic animal the stripes 
on the shoulder are occasionally double, or forked at tlic oxtremiV> 
as in certain zebrine species. There is reason to believe that the 
foal is miite frequently striped on the legs than the adult aninmL 
As with the horse, I have not acquired any distinct evidence that 
the crossing of diflerently-coloarcd varieties of the ass brii^ out 
the stripes. 

But now let ns turn to the result of crossing the horse and ass. 
Although mules are not nearly so numerous in Kngland as asses, 
I have seen a much greater number with striped legs, and with 
the stripes far more conspicuous than in either parent-form. Such 
mules are generally light-coloured, and might be called fallow, 
duns. The shoulder-stripe in one instance was deeply forked at the 
extremity, and in another instance was double, though united in tte 
middle. Mr. Martin gives a figure of a Spanish mule with strong 
zebra-like marks on its legs," and remarks that mules are particu- 
larly liable to bo thus striped on their legs. In South America, 
according to Roulin," such stri|)os are more frequent and con- 
spicuous in the mule than in the ass. In the United States, Mr. 
Gosse," spukin.; of these animals, says, " that in a great number, 
“ perhaps in nine out of every ten, the legs are banded with 
“ transverse dark stripes.” 

Many years ago I saw in the Zoolorical Gardens a curious triple 
hybrid, from a bay mare, by a hvbrid from a male ass and female 
zebra. This animal when old had hardly any stripes ; but I was 
assured by the superintendent, that when young it ha!d shoulder- 
stripes, and faint stripes on its flanks and legs. I mention this case 
mote especially as an instance of the stripes being much plainer 
during youth than in old age. 

As the zebra has such a conspicuotisly striped body and legs, it 
might have been expected that the hybrids from this animal and 
tlie common ass would have had their legs in some degree striped ; 
but it appears fn>m the figures given in Dr. Gray’s ‘ Knowsley 
Gleanings,’ and still more plainly from that given by Geoffroy and 
F. Cuvier," that the 1^ are much more conspicuously striped than 
the rest of the body ; and this fact is intelligible only on the belief 



■ ScUtrr. ia ‘ Proe. Zoolog. Soc.,’ 
IBSi, n. ttfS. 

“ ‘HUtory of tho Hone,’ p. 2IS. 

* * tUm. pr^nUs par divan 
SavuM k r.toui. Rnyala,' tom. vi. 



ISSAp. SS8. 

* ‘Latlanfiom Alabama,’ 1859, p. 
280. 

" 'Hiat. Xat. daa Mtmmiftnva,’ 
1820, tom. i. 
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that the am aids in giving, through the power of reversion, this 
character to its hybrid ofepring. 

The qnagm is banded over the whole front ]iart of its body like 
a zebra, but has no stripes on its legs, or mere traces of them. Bnt 
in the famons hybrid bred by Lord Morton," from a chestnnt, 
nearly purely-bred, Arabian mare, by a male qnagga, the stripes 
were “ more strongly defined and darker tlian those on the legs of 
“ the qua^." The mare was subsequently put to a black Arabian 
horse, and bore two colts, both of which, as formerly stated, were 
plainly striped on the legs, and one of them likewise had stri^ on 
the neck and body. 

The Eijuu* indirus" is characterised by a spinal stripe, without 
shoulder or stripes ; but traces of these latter stripes may occa- 

sionally be seen even in the adult;" and Colonel S. Poole, who has 
had ample opportunities for observation, informs me that in the 
foal, when first bom, the head and 1<^ are often striped, but the 
sho^der-stripo is not so distinct as m the domestic ass; all these 
strips, excepting tliat along the spine, soon disappear. Now s 
hybrid, raised at Knowsloy" from a female of tlus species by a 
male domestic ass, had all four legs transversely and conspicuously 
striped, had three short stripes on each shoulder and had even some 
zebn-like stripes on its foM 1 Dr. Gray informs me that he has 
seen a second hybrid of the same parentage similarly striped. 

From these C^ts we see tliat the crossing of the several equine 
species tends in a marked manner to cause stripes to appear on 
various parts of the body, especially on the legs. As we do not 
know whether the parent-form of the genus was striped, the app^- 
ance of the stripes can only hypothetically be attributed to reversion. 
Bnt most persons, after considering the many undoubted cases of 
variously coloured marks reappearing by reversion in my experi- 
ments on crossed pigeons and fowls, will come to the same ooncln- 
sion with resp<«t to the horse-genus; and if so, we must admit 
that the progenitor of the group was striped on the legs, shoulders, 
face, and probably over the whole body, like a zebra. 

Lastly, Professor Jaeger has given" a good case with pigs. He 



“ ‘ rhilMoph. Transact.,' 1821, p. 
20 . 

" Sclatcr. in ‘ Proc. Zoolog. Soc.,’ 
1802, p. 103: this spocies is the 
Ohor-Khur of N.W. India, and has 
often been called the Hemiunus of 
Pallas. also, Mr. Birth’s ex- 

cellent paper in 'Journal of Asiatio 
Soe. of Bengal,’ toL zirlii., 1800, p. 
229. 

" Another species of wild ass, the 
true £. kmioiuu or Asiiii^, which 
ordinarily has no shoulder-stripes, is 
said occasionally to hare them ; and 
VOL. II. 



these, as with the hone and asa, are 
sometimes double: aw Hr. Blyth, in 
the paper just quoted, and in ‘ Indian 
Sporting Keriew,’ 1850, p. 320 : and 
Col. Hamilton Smith, in * Nat. Ubrary, 
Horses,’ p. 318; and ‘Diet. Class. 
d’HUt. Nat.,’ tom. iii. p. 503. 

" Figured in the ‘ Gleanings from 
the Knowsley Menageries,’ by Dr. J. 
E. Gray. 

" ‘ Darwin’sehe Theorie nnd ihre 
Stellung XU Moral und Religion,’ p. 
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croesod tlio Japanese or masked breed with the common German 
breed, and the ofbnring were intermediate in character. He then 
re-crossed one of tnese mongrels with the pnre Japanese, and in 
the litter thus produced one of the young resembled in all its 
characters a wild pig; it had a long snout and upright ears, and 
was striped on the back. It should bo borne in mind that the 
young of the Japanese breed are not striped, and that they have 
a short muzzle and ears remarkably dependent. 



A similar tendency to the recovery of long lost characters 
holds good even with the instincts of crossed animals. There 
are some breeds of fowls which are called “ everlasting 
layers," because they have lost the instinct of incubation ; 
and so rare is it fur them to incubate that I have seen notices 
publishe<l in works on poultry, when hens of such breeds have 
taken to sit.*" Yet the alxtriginal species was of course a 
good inenbator ; and with birds in a state of nature hardly 
any instinct is so strong as this. Now, so many cases have 
been recorded of the crossetl offspring from two races, neither 
of which are incubators, l>ccoming first-rate sitters, that the 
rcap])oamnce of this instinct must be attributed to reversion 
from crossing. One author goes so far as to say, “ that a cross 
between two non-sitting varieties almost invariably produces 
a mongrel that becomes broody, and sits with remarkable 
steadiness.”** Another author, after giving a striking ex- 
ample, remarks that the fact can be explained only on the 
principle that “ two negatives make a positive.” It cannot. 
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between two non-sitting breeds invariably recover their lost 
instinct, any more than that crossed fowb or pigeons invari- 
ably recover the red or blue plumage of their prototyjies. Thus 
I raised several chickens from a Polish hen by a Spanish 
cock, — breeds which do not incubate, — and none of the young 
hens at first showe<l any tendency to sit ; but one of them — 
the only one wliich was preserved — in the third j'ear sat well 
on her eggs and reared a brood of chickens. So that here we 
have the reappearance with advancing age of a primitive 
instinct, in the same maimer as wo have seen that the red 
plumage of the Oalltu banktva is sometimes reacquired both 
by crossed and purely-bred fowls of various kinds as they 
grow old. 

The parents of all our domesticated animals were of course 
aboriginally wild in disposition ; and when a domesticated 
species is crossed with a distinct S])ecic8, w'hethcr this is a 
domesticated or only a tamed animal, the hybrids are often 
wild to such a degree, that the fact is intelligible only on the 
principle that the cross has caused a partial return to a 
primitive disjiosition. Thus, the Earl of Powis formerly im- 
ported some thoroughly domesticated hum])ed cattle from 
India, and crossed them with English breeds, which belong to 
a distinct s{)ecie8 ; and his agent remarked to me, without 
any question having Vieeu asked, how oddly wild the cross- 
bred animals were. The European wild boar and the Chinese 
domesticated jiig are almost certainly specifically distinct: 
Sir F. Darwin crossed a sow of the latter breed with a wild 
Alpine boar which had become extremely tame, but the young, 
though having half-domesticated blood in their veins, were 
“ extremely wild in confinement, and would not eat swill like 
common English pigs.” Captain Hutton, in India, crossed a 
tamo goat with a wild one from the Himalaya, and ho re- 
marked to me how surprisingly wild the offspring were. 
Mr. Hewitt, who has had great ox]>crience in crossing tame 
cock-pheasants with fowls belonging to five breeds, gives as 
the character of all “ extraordinary wildness but I have 
myself seen one exception to this rule. Mr. S. J. Salter,** 

" • The Poultry Book,’ by Teget- *• ‘ Natural History Roriew,’ 1863, 
meier, 1866, pp. 165, 167. April, p. 277. 
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who raised a largo number of hybrids from a bantam-hen by 
GaUtu tonneratii, states that “all were exceedingly wild." 
Mr. Waterton^ bred some wild ducks from eggs hatched 
under a common duck, and the young were allowed to cross 
freely both amongst themselves and with the tame ducks ; 
they wore “ half wild and half tamo ; they came to the 
windows to bo fed, but still they had a wariness about them 
quite remarkable.” 

On the other hand, mules from the horse and ass are 
certainly not in the least wild, though notorious for obstinacy 
and vice. Mr. Brent, who has crossed canary-birds with 
many kinds of finches, has not observed, as he informs me, 
that the hybrids were in any way remarkably wild: but 
Mr. Jenner Weir who has had still greater experience, is of a 
directly opposite opinion. He remarks that the siskin is the 
tamest of finches, but its mules are as wild, when young, as 
newly caught birds, and are often lost through their continued 
efforts to escape. Hybrids are often raised between the 
common and musk duck, and I have been assured by three 
persons, who have kept those crossed birds, that they were 
not wild ; but Mr. Garnett** observed that his hybrids were 
wild, and exhibited “ migratory propensities ” of which there 
is not a vestige in the common or musk duck. > o case is 
known of this latter bird having escaped and become wild in 
Europe or Asia, except, according to Pallas, on the Caspian 
Sea ; and the common domestic duck only occasionally becomes 
wild in districts where largo lakes and fens abound. Never- 
theless, a largo number of cases have been recorded** of 
hybrids from these two ducks having lieen shot in a com- 
pletely wild state, although so few are reared in comparison 
with purely-bi-ed birds of either species. It is improbable 
that any of those hybrids could have acquired their wildness 



•* * Euaji on Natural Hiatonr,’ p. 
917. 

“ A» atatod bjr Mr. Orton, in kia 
• Phraiolon of Breeding,’ p. 12. 

** M. E. do Seirs-Longchampa 
refera (‘ Bulletin Acad. Roy. de Bmx- 
ellee,’ tom. aiL No. 10) to more than 
aeven of these hybrida shot in 
Switzerland and France. M. Deby 



aaaerta (• Zoologiat,’ vol. r., 1845-4S, 
p. 1254) that aereral hare been abot 
in rarioua parta of Belgium and 
Northern France. Audubon (* Omith- 
olog. Biography,’ rol. iiL p. 1(58), 
ap^ing of theae hybrida, aaya that, 
in North America, they “now and 
then wander off and become quite 
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from the musk-duck haring paired with a truly wild duck ; 
and this is known not to he the case in North America ; hence 
we must infer that they have reaajuireil, through reversion, 
their wildness, as well as renewed jx)wers of flight. 

These latter facts remind us of the statements, so frequently 
made I)}' travellers in all ]>arts of the world, on the dogradetl 
state and savage disposition of crossed races of man. That 
many excellent and kind-hearted mulattos have existed no one 
will dispute ; and a more mild and gentle set of men could 
hardly be found than the inhabitants of the island of Chilce, 
who consist of Indians commingled with Sjtaniards in various 
proportions. On the other hand, many years ago, long before 
I had thought of the present subject, I was struck with the 
fact that, in South America, men of complicated descent 
between Negroes, Indians, and Spaniards, seldom had, what- 
ever the cause might be, a good expression.*’ Livingstone, — 
and a more unimpeachable authority cannot bo quoted, — after 
speaking of a half-caste man on the Zamliesi, dcsciibed by the 
Portuguese as a rare monster of inhumanity, remarks, “ It is 
unaccountable why half-castes, such as he, are so much more 
cruel than the Portuguese, but such is undoubtedly the case.” 
An inhabitant remarketl to Livingstone, “ God made white 
men, and God made black men, but the Devil made half- 
castes.”** When two races, both low in the scale, are crossed 
the progeny seems to be eminently bad. Thus the noble- 
hearted Humboldt, who felt no I>rojudico against the inferior 
races, speaks in strong terms of the bad and savage disposition 
of Zambos, or half-castes between Indians and Negroes ; and 
this conclusion has been arrived at by various observers.** 
From these facts we may perhaps infer that the degraded state 
of so many half-castes is in part duo to reversion to a primitive 
and savage condition, induced by the act of crossing, even if 
mainly due to the unfavourable moral conditions under which 
they are generally reared. 

Summary on the proximate causes leading to Bevereion . — When 

*' ‘Jonraal of Rawarches,’ 1845, " Dr. P. Broca, on ‘ Hybriditr in 

p. 71. the Genoa Homo,’ Eng. tranalat, 

» ‘Espedition to the Zambesi,’ 1864, p. 39. ; 

1865, pp. 25, 150. 
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purely-bred animals or plants rcassnme long-lost characters, — 
when the common ass. for instance, is bom with strii)ed legs, 
when a pure race of black or white pigeons throws a slaty- 
blue bird, or when a cultivate<l heartsease with large and 
rounded flowera produces a scc<lling with small and elongated 
flowers, — we are quite unable to assign any proximate cause. 
When animals run wild, the tendency to reversion, which, 
though it has been greatly exaggerated, no doubt exists, is 
sometimes to a certain extent intclhgiblo. Thus, with feral 
pigs. exp<^ie to the weather will probably favour the growth 
of the bristles, as is known to bo the case with the hair of 
other domesticated animals, and through correlation the tusks 
will tend to bo redeveloped. But the reappearance of coloured 
longitudinal striiies on young feral pigs cannot bo attributed 
to the direct action of external conditions. In this case, and 
in many others, we can only say that any change in the 
habits of life apparently favour a tendency, inherent or latent 
in the species, to return to the primitive state. 

It will be shown in a future chapter that the position of 
flowers on the summit of the axis, and the position of seeds 
within the capsule, sometimes determine a tendency towards 
reversion ; and this apparently depends on the amount of sap 
or nutriment which the flower-buds and seeds receive. The 
position, also, of buds, either on branches or on roots, some- 
times determines, as was formerly shown, the transmission of 
the character proper to the variety, or its reversion to a former 
state. 

We have seen in the last section that when two races or 
species are crossed there is the strongest tendency to the re- 
appearance in the offsiiring of long-lost characters, possessed 
by neither parent nor immediate progenitor. When two 
white, or rod, or black pigeons, of well-established breeds, 
are united, the offspring are almost sure to inherit the same 
colours ; but when differently coloured birds are oiosscd, the 
opposed forces of inheritance apparently counteract each 
other, and the tendency which is inherent in both parents to 
produce slaty-blue offspring becomes predominant. So it is 
in several other cases. But when, for instance, the ass is 
crossed with E. indicut or with the horse,— animals which 
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have not striped legs,— and the hybrids have conspicuous 
stripes on their logs and even on their faces, all that can be 
said is, that an inherent tendency to reversion is evolved 
through some disturbance in the organisation caused by the 
act of crossing. 

Another form of reversion is far commoner, indeed is almost 
universal with the offspring from a cross, namely, to the 
characters proper to either pure parent-foi-m. As a general 
rule, crossed offspring in the first generation are nearly inter- 
mediate between their parents, but the grandchildren and 
succeeding generations continually revert, in a greater or 
lesser degree, to one or both of their progenitors. Several 
authors have maintained that hybrids and mongrels include 
all the characters of both parents, not fused together, but 
merely mingled in different proportions in different parts of 
the body: or, as Naudin*® has expressed it, a hybrid is a 
living mosaic-work, in which the eye cannot distinguish the 
discordant elements, so completely are they intermingled. 
We can hardly doubt that, in a certain sense, this is true, as 
when we behold in a hybrid the elements of both species 
segregating themselves into segments in the same flower or 
fruit, by a process of self-attraction or self-affinity ; this 
segregation taking place either by seminal or bud-propagation. 
Naudin further believes that the segregation of the two 
specific elements or essences is eminently liable to occur in 
the male and female reproductive matter; and he thus 
explains the almost universal tendency to reversion in succes- 
sive hybrid generations. For this would bo the natural 
result of the union of pollen and ovules, in both of which the 
elements of the same species had been segregated by self- 
affinity. If, on the other hand, pollen which included the 
elements of one species happened to unite with ovules includ- 
ing the elements of tho other species, the intermediate or 
hybrid state would still l>o retained, and there would be 
no reversion. But it would, as I suspect, be more correct 
to say that tho elements of both parent-species exist in every 
hybrid in a double state, namely, blended together and com- 

•• ‘NouvellM Archires da Museum,’ tom. i. p. 151. 
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pletely separate. How this is possible, and what the term 
specific essence or element may he supposed to express, I shall 
attempt to show in the chapter on thehypothesis of pangenesis. 

But Naudin’s view, as propounded by him, is not applicable 
to the reappearance of characters lost long ago by variation ; 
and it is hardly applicable to races or species which, after 
having been crossed at some former period with a distinct 
form, and having since lost all traces of the cross, neverthe- 
less occasionally yield an individual which reverts (as in the 
case of the great-great-grandchild of the pointer Sappho) to 
the crossing form. The most simple case of reversion, namely, 
of a hybrid or mongrel to its grandparents, is connected by an 
almost perfect series with the extreme case of a purely-bred 
race recovering characters which had been lost during many 
ages ; and we are thus led to infer that all the cases must 1^ 
related by some common bond. 

Gartner believed that only highly sterile hybrid plants ex- 
hibit any tendency to reversion to their parent-forms. This 
erroneous belief may perhajis bo accounted for by the nature 
of the genera crossed by him, for ho admits that the tendency 
differs in different genera. The statement is also directly con- 
tradicted by Naudin’s observations, and by the notorious fact 
that perfectly fertile mongrels exhibit the tendency in a high 
degree, — even in a higher degree, according to Gartner 
himself, than hybrids.^' 

Gartner further states that reversions rarely occur with 
hybrid plants raised from species which have not been culti- 
vated, whilst, with those which have been long cultivatetl, 
they are of frequent occurrence. This conclusion explains 
a curious discrepancy : Max Wichura,‘“ who worked exclu- 
sively on willows which had not been subjected to culture, 
never saw an instance of reversion ; and ho goes so far as to 
suspect that the careful Gartner had not sufficiently protected 
his hybrids from the pollen of the parent- species : Naudin, on 
the other hand, who chiefly experimented on cucurbitaoeous and 
other cultivated plants, insists more strenuously than any other 

u * Bastarderzengung,’ s. 582, 438, der Weiden,’1865, a.23. For Oiirtner’!i 

fcc. remarks on this head, see ‘BasUrd- 

•> • Die Bastardbefruebtung .... erzeugnng,’ s. 474, 582, 
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author on tho tendency to reversion in all hybrids. Tlie con- 
clnsion that the condition of the parent-species, as aflfected by 
culture, is one of the proximate causes leading to reversion, 
agrees well with tho converse case of domesticat^ animals and 
cultivated plants being liable to reversion when they become 
feral ; for in both cases tho organisation or constitution must 
bo disturbed, though in a very different way.“ 

Finally, wo have seen that characters often reappear in 
purely-bred races without our being able to assign any 
proximate cause ; but when they become feral this is either 
indirectly or directly induced by the change in their condi- 
tions of life. With crossed breeds, tho act of crossing in 
itself certainly leads to tho recovery of long-lost characters, 
as well as of those derived from either j>aront-fomi. Changed 
conditions, consequent on cultivation, and the relative position 
of buds, flowers, and seeds on tho plant, all apparently aid in 
giving this same tendency. Reversion may occur either 
through seminal or bud generation, generally at birth, but 
sometimes only with an advance of age. Segments or portions 
of tho individual may alone be thus affected. That a being 
should he bom resembling in certain characters an ancestor 
removed by two or three, and in some cases by hundreds or 
even thousands of generations, is assuredly a wonderful fact. 
In these cases the child is commonly said to inherit such 
characters directly from its grandparent, or more remote 
ancestors. But this view is hardly conceivable. If, however, 
wo suppose that every character is derived exclusively from 
tho father or mother, but that many characters lie latent or 
doroiant in both parents during a long succession of genera- 
tions, tho foregoing facts are intelligible. In what manner 
characters may bo conceivetl to lie latent, will be considered 
in a future chapter to which I have lately alluded. 

Latent Charaeterg . — But I must explain what is meant by 

clusinn, namely, that any cause which 
disturbs the organisation, such as the 
exposure of the cocoons to heat or 
even to much shaking, gives a 
tendency to reversion. 



“ Prof. Weitmann, in his very 
enrious essay on the difierent forms 
produced by the same species of 
bnttertly at different seasons (‘ Saison- 

27, 28), has come to a simila^ con- 
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characters lying latent. The most obvious illustration is 
afforded by secondary sexual characters. In every female all 
the secondary male characters, and in every male all the 
secondary female characters, apparently exist in a latent 
state, ready to be evolved under certain conditions. It is 
well known that a largo number of female birds, such as 
fowls, various pheasants, partridges, peahens, ducks, Ac., 
when old or diseased, or when operated on, assume many or 
aU of the secondary male characters of their species. In 
the case of the hen-pheasant this has been observed to occur 
far more frequently during certain years than during others.” 
A duck ten years old has been known to assume ,both the 
perfect winter and summer plumage of the drake.” Water- 
ton gives a curious case of a hen which had ceased laying, 
and had assumed the plumage, voice, spurs, and warlike 
disposition of tlie cock ; when opposed to an enemy she would 
erect her hackles and show fight. Thus every character, even 
to the instinct and manner of fighting, must have lain 
dormant in this hen as long as her ovaria continued to act. 
The females of two kinds of deer, when old, have been known 
to acquire horns ; and, as Hunter has remarked, we see some- 
thing of an analogous nature in the human species. 

On the other hand, with male animals, it is notorious that 
the secondary sexual characters are more or less completely 
lost wlien they are subjected to castration. Thus, if the 
operation be performed on a young cock, he never, as Yarrell 
states, crows again ; the comb, wattles, and spurs do not grow 
to their full size, and the hackles assume an intermediate 
appearance between true hackles and the feathers of the hen. 
Cases are recorded of confinement, which often affects the 
reproductive system, causing analogous results. But cha- 



« Yarrtll, ‘Phil. Transact.,’ 1827, 
p. 268; Dr. Hamiltun, in ‘Proc. 
Zoolog. Soe.,' 1862, p. 23. 

“ ‘Archiv. Skand. Beitrsge xur 
Kalurgeach.’ viii. s. 397-ilS. 

** In bis ‘Kssajrs on Nat. Hist.,’ 
1838, Mr. Hewitt gives analogous 
cases with hen-pheasants in ‘ Journal 
of Horticulture, July 12, 1864, p. 37. 



Isidore Oeofiroy Saint-Hilaire, in his 
‘Essaisde Zoolog. Gdn.’ (‘suites i 
BuSbn,’ 1842, pp. 496-513X has 
collect^ such cases in ten different 
kinds of birds. It appears that 
Aristotle was well aware of the 
change in mental disposition in old 
hens. The case of the female deer 
acquiring horns is given at p. 513. 
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ractere properly confined to the female are likewise acquired 
by the male ; the capon takes to sitting on eggs, and will 
bring up chickens ; and what is more curious, the utterly 
sterile male h3’brids from the pheasant and the fowl act in 
the same manner, “ their delight being to watch when the 
hens leave their nests, and to take on themselves the office of 
a sitter.” That admirable observer Reaumur “ asserts that 
a cock, by being long confined in solitude and darkness, can 
be taught to take charge of young chickens ; he then utters 
a peculiar cry, and retains during his whole life this newly 
acquired maternal instinct. The manj’ well-ascertained cases 
of various male mammals giving milk shows that their rudi- 
mentary mammary glands retain this capacity in a latent , 
condition. 

Wo thus see that in many, probably in all cases, the 
secondary’ characters of each sex lie dormant or latent in the 
opposite sex, ready to bo evolved under peculiar circumstances. 
V\ e can thus understand how, for instance, it is possible for 
a good milking cow to transmit her good qualities through 
her male ofifspring to future generations ; for wo may confi- 
dently believe that these qualities are present, though latent, 
in the males of each generation. So it is with the garae-oock, 
who can transmit his snperioritj’ in courage and vigour 
through his female to his male offspring ; and with man it is 
known ** that diseases, such as hydrocele, necessarily confined 
to the male sex, can be transmitted through the female to the 
grandson. Such cases as these offer, as was remarked at the 
oommcnccmciit of this chapter, the simplest possible examples 
of reversion ; and thej' are intelligible on the belief that 
characters common to the grandparent and grandchild of the 
same sex are present, though latent, in the intermediate 
parent of the opposite sex. 

The subject of latent characters is so important, as wo shall 
see in a fbtnro chapter, that I will give another illustration. 
Many animals have the right and left sides of their body 



*' ‘Cottage Gardener,’ 1860, p. 
379. 

*• ‘ Art de faire Eclore,’ 4c., 1749, 
tom. ii. p. 8. 



“ Sir H. Holland, ‘ Medical Notes 
and Reflections,’ 3rd edit., 1855, p. 
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unequally developed : this is well known to he the case with 
flat-fish, in which the one side differs in thickness and colour 
and in the shape of the fins, from the other, and during the 
growth of the young fish one eye is gra<lually tvristed from 
the lower to the upi>er surface.*® In most flat-fishes the left 
is the blind side, hut in some it is the right ; though in both 
cases reversed or“ wrong fishes,” are occasionally developed ; 
and in Platessa fiems the right or left side is indifferently the 
upper one. With gasteropotls or shell-fish, the right and loft 
sides are extremely unlike ; the far greater number of species 
aredextral, with rare and occasional reversals of development, 
and some few are normally sinistral ; but certain species of 
Bulimus, and many Achatinellas,®* are as often sinistral as 
dextral. I will give an analogous case in the great articulate 
kingdom : the two sides of Verruca*® are so wonderfully 
unlike, that without careful dissection it is extremely difficult 
to recognise the corresponding parts on the opposite sides of 
the body; yet it is apparently a more matter of chance 
whether it be the right or the left side that undergoes so 
singular amount of change. One plant is known to mo *® in 
which the flower, according as it stands on the one or other 
side of the spike, is unequally developed. In all the foregoing 
cases the two sides are perfectly symmetrical at an early 
period of growth. Now, whenever a species is as liable to be 
unequally developed on the one as on the other side, we may 
infer that the capacity for such development is present, 
though latent, in the undeveloped side. And as a reversal of 
development occasionally occurs in animals of many kinds, 
this latent capacity is probably very common. 

The best yet simplest cases of characters Ijong dormant 
are, perhaps, those previously given, in which chickens and 
young pigeons, raised from a cross between differently coloured 



** See Steenatnip on the * Obliquity 
of Flounders * : in * Annals and Ma^. of 
Nat. Hist.* May, 1865, p. 361. I 
have given an abstract of Malm's 
explanation of this wonderful pheno- 
menon in the * Origin of Species' 6th 
Edit, p. 186. 

^ •* Dr. E. von Martens, in ‘ Annals 
and Mag. of Nat. Hist.’ March, 1866, 



Balanidae,* Ray Soc., 
tee also the appended 
apparently capricious 
the thoracic limbs on 



left sides in the higher 



•* Mormodes ignea : Darwin, * Fer- 
tilisation of Orchids,’ 1862, p. 231, 
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birds, are at first of one colour, but in a 3’ear or two acquire 
feathers of the colour of the other parent ; for in this case the 
tondencj’ to a change of plumage is clearly latent in the j'oung 
bird, fcio it is with hornless breeds of cattle, some of which 
acquire small horns as they grow old. Purely bred black and 
white bantams, and some other fowls, occasionally' assume, with 
advancing years, the red feathers of the parent-species. I will 
here add a somewhat difierent case, as it connects in a striking 
manner latent characters of two classes. Mr. Hewitt pos- 
sessed an excellent Sebright gold-laced bantam hen, which, 
as she became old, grew diseased in her ovaria, and assumed 
mole characters. In this breed the males resemble the females 
in all respects except in their combs, wattles, spurs, and 
instincts ; hence it might have been expected that the diseased 
hen would have assumed only those masculine characters 
which are proper to the breed, but she acquired, in addition, 
well-arched tail sickle-feathers quite a foot in length, saddle- 
feathers on the loins, and hackles on the neck, — ornaments 
which, as Mr. Hewitt remarks, “ would be held as abominable 
in this breed.’’ The Sebright bantam is known to have 
originated about the j-ear 1800 from a cross between a common 
bantam and a Polish fowl, recrossed by a hen-tailed bantam, 
and carefully selected ; hence there can hardly be a doubt 
that the sickle-feathers and hackles which appeared in the old 
hen were derived from the Polish fowl or common bantam ; and 
we thu.s see that not only certain masculine characters proper 
to the Sebright bantam, but other masculine characters derived 
from the first progenitors of the breed, removed by a period of 
above sixty j'ears, were lying latent in this henbird, ready 
to bo evolved as soon as her ovaria became diseased. 

From these several facts it must bo admitted that certain 
characters, capacities, and iiutincts, may lie latent in an indi- 
vidual, and even in a succession of individuals, without our 
being able to detect the least sign of their presence. When 
fowls, pigeons, or cattle of different colours are crossed, and 

« ‘Joomal of Horticulture,’ July, Tef(etmeier. 

1864, p. 38. I hare had the oppor- “ ‘ The Poultry Book,’ by Mr 
tunity of examining these remarkable Tegetmeier, 1866, p. 241. 
feathers through the kindness of Mr. 
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their offspring change colour as they grow old, or when the 
crossed turbit acquired the characteristic frill after its third 
moult, or when purely-bred bantams partially assume the red 
plumage of their prototype, we cannot doubt that these 
qualities were from the first present, though latent, in the 
individual animal, like the characters of a moth in the cater- 
pillar. Now, if these animals had produced offspring Ixifore 
they had acquired with advancing ago their now characters, 
nothing is more probable than that they would have trans- 
mitted them to some of their ofispring, who in this case would 
in appearance have received such characters from their grand- 
parents or more distant progenitors. We should then have 
had a case of reversion, that is, of the reappearance in the 
child of an ancestral character, actually present, though 
during youth completely latent, in the parent ; and this wo 
may safely conclude is what occurs in all reversions to pro- 
genitors, however remote. 

This view of the latency in each generation of all the cha- 
racters which appear through reversion, is also supported by 
their actual presence in some cases during early youth alone, 
or by their more frequent appearance and greater distinctness 
at t^ ago than during maturity. We have seen that this is 
often the case with the stripes on the legs and faces of the 
several species of the horse-genus. The Himalayan rabbit, 
when crossed, sometimes produces offspring which revert to 
the parent silver-grey bre^, and we have seen that in purely 
bred animals pale-grey fur occasionally reappears during early 
youth. Black cats, wo may feel assured,* would occasionally 
produce by reversion tabbies ; and on young black kittens, 
with a pedigree“ known to have been long pure, faint traces 
of stripes may almost always be seen which afterwards dis- 
appear. Hornless Suffolk cattle occasionally produce by 
reversion homed animals ; and Youatt •’ asserts that oven in 
hornless individuals “ the rudiment of a horn may be often 
felt at an early age.” 

No doubt it appears at first sight in the highest degiee im- 
probable that in every horse of every generation there should 

•• Carl Vogt, ‘ Lecture* ou Man,’ " ‘ On Cattle,’ p. 174. 

Eng. tranalat., 18S4, p. 411, 
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be a latent capacity and tendency to produce stripes, though 
these m ly not appear once in a thousand generations ; that in 
every white, black, or other coloured pigeon, which may have 
transmitted its proper colour during centuries, there should 
be a latent capacity in the plumage to become blue and to be 
marked with certain characteristic b.»rs ; that in every child 
in a six-fingered family there should be the capacity £br the 
production of an additional digit ; and so in other cases. 
Nevertheless, there is no more inherent improhabilily in this 
being the case than in a useless and rudimentary organ, or even 
in only a tendency to the production of a rudimentary organ, 
being inherited during millions of generations, os is well 
known to occur with a multitude of organic beings. There is 
no more inherent improbability in each domestic pig, during a 
thousand generations, retaining the capacity and tendency to 
develop great tusks under fitting conditions, than in the young 
calf having retained fur an indefinite number of generations 
rudimentary incisor teeth, which never protrude through the 
gums. 

I shall give at the end of the next chapter a summary of the 
three precetling chapters ; but as isolated and striking crises 
of reversion have here been chiefly insisted on, I wish to 
guard the reader against suppo.-ing that reversion is due to 
some rare or accidental combination of circumstances. AVhen 
a character, lost during hundreds of generations, suddenly 
reapjiears, no doubt some such combination must occur ; but 
reversions to the immediately preceding generations may bo 
constantly observed, at least, in the offspring of most unions, 
'lliis has been universally recognised in the case of hybrids 
and mongrels, but it has been recognised simply from the 
difierence between the united forms rendering the resemblance 
of the oflspring to their grandparents or more remote pro- 
genitois of easy detection. Reversion is likewise almost in- 
variably the rule, as Mr. Sedgwick has shown, with certain 
diseases. Hence wo must conclude that a tendency to this 
peculiar form of transmission is an integral part of the 
general law of inheritance. 

Monstrosiliet . — A largo number of monstrous growths and 
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of lesser anomalies are adraitte<l by every one to be due to an 
arrest of development, tliat is, to the persistence of an embrj-- 
onio condition. But many monstrosities cannot be thus 
explained ; for parts of which no trace can be detected in the 
embrj o, but which occur in other members of the same class 
of animals occasionally appear, and these may probably with 
truth be attributed to reversion. As, however, I have treated 
this subject as fully as I could in my ‘ Descent of Man ’ 
(chap, i., 2nd edit), 1 will not here recur to it. 

\Mien flowers which have normally an insular structure l«come 
regular or peloric, the change is generaUy looked at by botanists as 
a return to the primitive state. But Dr. Maxwell Masters, “ who 
luts ably discussed this subject, remarks that when, for instance, all 
the stuwls of a Tropeeolnm become green and of the same shape, 
instead of being coloured with one prolonged into a spur, or when 
all the petals of a Linaria become simple and regular, such cases 
may be doe merely to an arrest of development ; for in these flowers 
all the organs during their earliest condition are symmetrical, and, 
if arrested at this stage of growth, they would not become irregular. 
If, moreover, the arrest were to take place at a still earlier period 
of development, the result would be a simplo tuft of green leaves ; 
and no one probably would call this a case of reversion. Dr. Masters 
designates the cases first alluded to as n^lar peloria ; and others, 
in which all the corresponding parts assume a similar form of 
irregularity, as when all the petals m a Linaria become spurred, as 
irregular peloria. We have no right to attribute these latter cases 
to reversion, until it can be shown that the parent-form, for instance, 
of the genus Linaria liad had all its petals spurred ; for a chance of 
this nature might result from the spreading of an anomalous 
structure, in accordance with the law, to lie discussed in a future 
chapter, of homologous parts tending to vary in the same manner. 
But as Imth forms of peloria frequently occur on the same individual 
plant of the Linaria,** they proliably stand in some close relation to 
one another. On the doctrine that peloria is simply the result of an 
arrest of development, it is difficult to understand how an organ 
arrested at a very early period of growth should acquire its full 
functional perfection how a petal, supposed to be tlius arrested, 
should acquire its brilliant colours, and servo as an envelope to the 
flower, or a stamen produce efficient pollen ; yet this occurs with 



** ‘Natnral Hist. Review,’ April, 
1863, p. 258. Nm also his Lecture, 
Royal Institntioa, March 16, 1860. 
On same subject, tee Hoqnin-Tandon, 
‘ Elements do Tdratoloeie,’ 1841, pp. 
184, 353. l>r. Peyritsen has collect^ 
a large number of very interesting 



cases, Sitsb. d. k. Akad. d. Wimnsch. ; 
Wien. B.1. LX. and especially Bd. 
LXVL. 1872, p. 125. 

•• VerK • Des VarieMa,’ 1865, p. 
89 ; Naudin, * Nonrelles Archives do 
Museum,’ tom. L p. 137. 



© The Complete Work of Charles Darwin Online 



Ciur. XIII. 



BEVERSIOX. 



many peloric flowers. That pelorism is not due to mere chance 
variability, but either to an arrest of development or to reversion, 
we may infer from an observation made by Ch. Morren,’" namely, 
that families which have ipegular flowers often “ return by these 
monstrous growths to their regular form; whilst we never see a 
regular flower nudiso the structure of an irregular one.” 

Some flowers have almost certainly become more or less completely 
peloric through reversion, os the following interesting case shows. 
Corydali* tuberota properly has one of its two nectaries colourless, 
destitute of nectar, only half the size of the other, and therefore, to 
a certain extent, in a rudimentary state; the pistil is curved 
towards the perfect nectary, and the hood, formed of the inner 
petals, slips off the pistil and stamen in one direction alone, so that, 
when a b<» sucks the perfect nectary, the stigma and stamens are 
exposed and rubbed against the insect’s body. In several closely 
allied genera, as in Dielytra, &c., there are two perfect nectaries, 
the pistil is straight, and the hood slips off on either side, accord- 
ing as the bee sucks either nectary. Now, I have examined several 
flowers of Corydalis tuberoaa, in which both nectaries were e<inally 
developed and contained nectar ; in this we see only the redevelop- 
ment of a partially aborted organ ; but with this redevelopment the 
pistil becomes straight, and the hood slips off in either direction , 
so that these flowers have acquired the perfect structure, so well 
adapted for insect agency, of Dielytra and its allies. We cannot 
attribute these ooadapted modifications to clumce, or to correlated 
variability; we must attribute them to reversion to a primordial 
condition of the species. 

The peloric flowers of Pelargonium have their five petals in ail 
respects alike, and there is no nccta^ ; so that they resemble the 
symmetrical flowers of the closely allied ^nns Geranium ; but the 
alternate stamens are also sometimes destitute of anthers, the 
shortened filaments being left as rudiments, and in this respect 
they resemble the symmetrical flowers of the closely allied genus 
Erodium. Henco we may look at the peloric flowers of Pelargo- 
nium as having reverted to the state of some primordial form, the 

E niter of the three closely related genera of Pelargonium, 
Jum, and Erodium. 

In the peloric form of Antirrhinum majas, appropriately called 
the " Uondfr," the tubular and elongated flowers differ wonderfully 
from those of the common snapdragon ; the calyx and the mouth 
of the eorolla consist of six equal lobes, and include six equal instead 
VO additional stamens is 




a microscopically minute 
3 of the upper lip of the 
nineteen plants examined 
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by me. That this papilla ia a rndimont of a stamen was well shown 
by its Tarious degr^ of development in crossed plants between the 
common and the peloric Antirrhinum. Again, a peloric Galedb- 
dolon luieum, growing in my garden, had five equal petals, all striped 
like the ordinary lower lip, and included five equal instead of four 
unequal stamens; but Mr. It. Keeley, who sent me this plant, 
informs me that the flowers vary greatly, having from four to six 
lobes to the corolla, and from three to six stamens.” Now, as the 
memliers of the two great families to which the Antirrhinum and 
Galeobdolon belong are properly pentamerous, with some of the 
parts confluent and others snppres^, we ought not to look at the 
sixth stamen and the sixth lote to the corolla in either case as due 
to reversion, any more than the additional petals in double flowers 
in these same two families. But the case is different with the fifth 
stamen in the peloric Antirrhimun, which is produced by the 
redevelopment of a rudiment always present, ana which prolwbly 
reveals to us the state of the flower, as far as the stamens are con- 
oemed, at some ancient epoch. It 'is also difficult to believe that 
the other four stamens and the petals, after an arrest of develop- 
ment at a very early embryonic age, would have come to full 
perfection in colour, stnicture, and function, unless these organs 
had at some former period normally passed through a similar course 
of growth. Hence it appears to me probable that the progenitor of 
the genus Antirrhinum must at -some remote epoch have included 
five stamens and home flowers in some degree resembling those now 
produced l>y the peloric form. The conclusion that peloria is not 
a mere monstrosity, irrespective of any former state of the species, 
is supported by the fact that this structure is often strongly in- 
herit^, as in the case of the peloric Antirrhinum and Gloxinia and 
sometimes in that of the peloric Corydulu tolida.'* 

Lastly I may add that many instances have been recorded of 
flowers, not generally considered as peloric, in which certain 
organs are abnormally augmented in numlwr. As an increase 
of parts cannot be looked at as an arrest of development, nor as due 
to the redevelopment of rudiments, for no rudiments are present, 
and as these adaitional parts bring the plant into closer relationship 
with its natural allies, they ought probably to bo viewed as rever- 
sions to a primordial condition. 

Those several facts show us in an interesting manner how 
intimately certain abnormal states are connected togetlier; 
namely, arrests of development causing parts to become rudi- 
mentary or to be wholly suppressed, — the redevelopment of 

For other cases of six dirisions ^ Godroo, reprinted from the 
in peloric flowers of the Labiatse and * M^moires de TAcad. de Stanislas,* 
Scrophulariacese, ass Moqnin-Tandon, 1868. 

‘Tcratologie/ p. 1«3. 
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parts now in a more or less rudimentary condition, — the re- 
appearance of organs of which not a vestige can be detected, 
— and to these may be adde<l, in the case of animals, the 
presence during youth, and subsequent disappearance, of cer- 
tain characters which occasionally are retained throughout 
life. Some naturalists look at all such abnormal structures as 
a retuni to tlie ideal state of the group to which the affected 
being l)elongs ; but it is difficult to conceive what is meant to 
be conveyed by this expression. Other naturalists maintain, 
with greater probability and distinctness of view, that the 
common bond of connection between the several foregoing 
cases is an actual, though partial, return to the structure of 
the ancient progenitor of the group. If this view bo correct, 
we must believe that a vast number of characters, cajiable of 
evolution, lie hidden in every organic being. But it would 
bo a mistake to snp[)OBe that the number is equally great in 
all beings. We know, for instance, that plants of many 
orders occasionally become pcloric ; but many more cases have 
been observed in the Labiataj and Scrophulariacc® than in 
any other order ; and in one genus of the Scrophulariaccaj, 
namely Linaria, no less than thirteen syiecies have been de- 
8cril)cd in this condition.’® On this view of the nature of 
peloric flowers, and bearing in mind certain monstrosities in 
the animal kingdom, wo must conclude that the progenitors of 
most ])lants and animals have left an impression, capable of 
redeveloiiment, on the germs of their descendants, although 
these have since been profoundly modified. 

The fertilised germ of one of the higher animals, subjected' 
as it is to so vast a series of changes from the germinal cell to 
old age,— incessantly agitated by what Quatrefages well calls 
the lourbillon vital,— is perhaps the most wonderful object in 
nature. It is probable that hardly a change of any kind 
affects either i>arent, without some mark being left on the 
genn. But on the doctrine of reversion, as given in this 
chapter, the germ becomes a far more marvellous object, for, 
besides the visible changes which it imdergoes, we must . 

'» Moqnin-Tandon, ‘ Terstologie,’ p. 186. 
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believe that it is crowded with invisible characters, proper to 
both sexes, to both the right and left side of the and 
to a long line of male and female ancestors separated by 
hundreds or oven thousands of generations from the present 
time : and these characters, like those written on paper with 
invisible ink, lie ready to be evolved whenever the organisa- 
tion is disturbed by certain known or unknown conditions. 
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CHAPTER XIV. 

ISHEIUTASCE oonifnuod— FIXEDNESS OF CHARACTER— PREPOTENCY 
— SEXUAL LISIITATION— CORRESPONDENCE OF AOE. 
mcosM or CHAiAcm ArrAUSTLX not dtn to ANnonTT or dcrzbi* 

TANCS-PUTOTEXCY OF TRAKOMHIUN IN INDITIDrAU OT THN SAIIN 
rAXILT, IN caOaBCD BNZDM AND irBCID: OFTEN STEONOEE IN ONE 
EEX THAN THE OTHEB ; EOMmilER DUE TO THE BANE CHABACTEB 
BEINO niEBENT AND TUIBLB IN ONE BREED AND LATENT IN THE OTHER 
— INHERITANOE AS LINITEU BT BEX— NEWLY-AOQITRKD CHARACTERS IN 
OCR DONESnCATEO ANINALS OFTEN TRANBNITTED BT ONE SEX ALONE, 

FEEIOIIS or LITE— THE INPORTANCE OF THE rBINCtPLE WITH EESPBCT 
TO ENBETOLOOT ; AS EXHIETTED IN DONEFTKATED ANINALS : AS 

EXHIBITED IN THE AFFEARANCE AND DISATrEARANCE OF INHERITED 
diseases; SONETINES SI'PEETENIKO eaeliee in the child than IN 
THE PARENT— Sl'NNART OF THE THREE FRECEDINO CHAPTERS. 

In the last two chapters the nature ami force of Inheritance, 
the circumstances which interfere with its power, and the 
tendency to Reversion, with its many remarkable contingen- 
ciee, were discussed. In the present chapter some other 
related phenomena wiU be treated of, as fully as my materials 
permit. 

FixedncM of Charaeler. 

It is a general belief amongst breeders that the longer any 
character has been transmitted by a breed, the more fully it 
will continue to be transmitted. I do not wish to dispute the 
truth of the proposition that inheritance gains strength 
simjily through long oontinnanoe, but I doubt whether it can 
be proved. In one sense the proposition is little better than 
a truism ; if any character has remained constant daring many 
generations, it will be likely to continue so, if the conditions 
of life remain the same. So, again, in improving a breed, if 
care be taken for a length of time to exclude all inferior 
individuals, the breed will obviously tend to liecome truer, 
as it will not have been crossed during many generations by 
an inferior animal. We have previously seen, but without 
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being able to asaign any cause, that, when a new character 
appeani, it is occasionally from the first constant, or fluctuates 
much, or wholly fails to he transmitted. So it is with the 
aggregate of slight differences which characterise a new 
variety, for some propagate their kind from the first much 
truer than others. Even with plants multiplied by bulbs, 
layers, &c., which may in one sense he said to form parts of 
the same individual, it is well known that certain varieties 
retain and transmit through successive hud^ncrations their 
ncwly-acquired characters more truly than others. In none 
of these, nor in the following cases, docs there appear to he 
any relation between the force with which a character is 
transmitted and the length of time during which it has been 
transmitted. Some varieties, such as white and yellow hya- 
cintlui and white sweet-peas, transmit their colours more 
faithfully than do the varieties which have retained their 
natural colour. In the Irish family, mentioned in the twelfth 
chapter, the peculiar tortoiscshell-like colouring of the eyes 
was transmitted far more faithfully than any ordinary colour. 
Ancon and Mauchamp sheep and niata cattle, which are all 
comparatively modem breeds, exhibit remarkably strong 
powers of inheritance. Many similar cases could be adduced. 

As all domesticated animals and cultivated plants have 
varied, and yet are descended from aboriginally wild forms, 
which no doubt had retained the same character from an 
immensely remote epoch, wo see that scarcely any degree of 
antiquity ensures a character being transmitted perfectly 
true. In this case, however, it may be said that changed 
conditions of life induce certain modificadons, and not tktt 
the power of inheritance fails ; but in every case of failure, 
some cause, either internal or external, must interfere. It 
will generally be found that the organs or parts which in 
our domesticated productions have varied, or which still 
continue to vary, — that is, which fail to retain their former 
state, — are the same with the parts which differ in the natural 
species of the same genus. As, on the theory of descent with 
modification, the species of the same genus have been modified 
since they branched off irom a common progenitor, it follows 
that the characters by which they differ from one another 
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have varied, whilst other parts of the organisation have re- 
mained unchanged ; and it might be argued that these same 
characters now vary under domestication, or fail to he in- 
herited, from their lessor antiquity. But variation in a state 
of nature seems to stand in some close relation with changed 
conditions of life, and characters which have already varied 
under such conditions would be apt to vary under the still 
greater changes consequent on domestication, independently 
of their greater or lees antiquity. 

Fixedness of character, or the strength of inheritance, has 
often been judged of by the preponderance of certain charac- 
ters in the crossed oSspring between distinct races ; but 
prepotency of transmission hero comes into play, and this, as 
wo shall immediately see, is a very different consideration 
from the strength or weakness of inheritance.* It has often 
been observed that breeds of animals inhabiting wild and 
moimtainous countries cannot bo permanently modified by 
our improvoil breeds; and as these latter are of modem 
origin, it has been thought that the greater antiquity of the 
wilder breeds has been the cause of their resistance to im- 
provement by crossing ; but it is more probably duo to their 
structure and constitution being better adapt^ to the sur- 
rounding conditions. When plants are first subjected to 
culture, it has been found that, during several generations, 
they transmit their characters truly, that is, do not vary, and 
this has been attributed to ancient characters being strongly 
inherited : but it may with equal or greater probability be 
consequent on changed conditions of life requiring a long 
time fur their cumulative action. Notwithstanding these 
considerations, it would perhaps be rash to deny that charac- 
ters become more strongly fixed the longer they are trans- 
mitted ; but 1 believe that the proposition resolves itself into 
this, — that characters of all kinds, whether new or old, tend 
to be inherited, and that those which have already withstoo4 
all counteracting infincnccs and been truly transmitted, will, 
as a general rule, continue to withstand them, and conse- 
quently be faithfully inherited. 

‘ See Yountt on Cnttle, pp. 92, 69, p. 325. Also Dr. Lucni, ‘L’Hirid. 
78, 88, 163 J and Youatt on Sheep, Nat.,’ tom. ii. p. 310. 
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Prepotency in the Tranemittion of Character. 

When individuals, belonging to the same family, but 
distinct enough to he recognised, or when two well-marked 
races, or two species, are crossed, the usual result, as stated 
in the previous chapter, is, that the offspring in the first 
generation are intermediate between their parents, or resemble 
one parent in one part and the other parent in another part. 
But this is by no moans the invariable rule ; for in many 
cases it is found that certain individuals, races, and species, 
are prepotent in transmitting their likeness. This subject 
has been ably discussed by Prosper Lucas,’ but is rendered 
extremely complex by the prepotency sometimes running 
equally in both sexes, and sometimes more strongly in one 
sex than in the other; it is likewise complicated by the 
presence of secondary sexual characters, which render the 
comparison of crossed breeds with their parents difiBcult. 

It would appear that in certain families some one ancestor, 
and after him others in the same family, have had great 
power in transmitting their likeness through the male line ; 
for we cannot othera-ise understand how the same features 
should so often be transmitted after marriages with many 
females, as in the case of the Austrian Emperors ; and so it was, 
according to Niebuhr, with the mental qualities of certain 
Boman fiimilies.’ The famous bull Favourite is believed * 
to have had a prepotent influence on the short-hom race. It 
has also been observed ‘ with English race-horses that certain 
mares have generally transmitted their own character, whilst 
other mares of equally pure blood have allowed the character 
of the sire to prevail. A famous black greyhound. Bedlamite, 
as I hear from Mr. C. M. Brown “ invariably got all his 
“ puppies black, no matter what was the colour of the bitch 
but then Bedlamite “ had a preponderance of black in his 
“ blood, both on the sire and dam side.” 



• ‘Hired. N»t.,’ tom. ii. pp. 112- 
120 . 

• Sir H. Holland, ‘Chapters on 
Mental Phrsiology,’ 1852, p. 234. 

• ‘(lardener’s Chronicle,’ 1860, p. 



270. 

* Mr. N. H. Smith, ‘ Observations 
on Breeding,’ quoted in ‘ Encyclop. of 
Rural Sports,’ p. 278. 
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The truth of the principle of preTOtency comes out more clearly 
■when distinct races are crossed. The improYod Short-horns, not- 
withstanding that the breed is comparatively modem, are generally 
acknowledge to possess giet power in impressing their likeness 
on all other breeds; and it is chiefly in con^nence of this power 
that they are so highly valned for exportation.* * Godine has given 
a cnrions case of a ram of a goat-like breed of sheep from the Cape 
of Good Hope, which produced offspring hardly to be distinguished 
from himself, when crossed with ewes of twelve other breeds. But 
two of these half-bred ewes, when put to a merino ram, produced 
lambs closely resembling the merino breed. Giron de Buzareingnes ’ 
found that of two races of French sheep the ewes of one, when 
crossed during successive generations with merino rams, yielded 
up their character far sooner than the ewes of the other, race. 
Storm and Girou have given analogous cases with other breieds of 
sheep and with cattle, the prepotency running in these cases 
through the male side ; but I was assured on good authority in 
South America, that when niata cattle are cros^ with common 
cattle, though the niata breed is prepotent whether males or females 
are usc<l, yet tliat the prepotency is strongest through the female 
line. The Manx oat is tailless and has long hind legs ; Dr. Wilson 
crossed a male Manx with common cats, and, out of twenty-three 
kittens, seventeen were destitute of tails; but when the female 
Manx was crossed by common male cats all the kittens had tails, 
though they were generally short and imperfect.* 

In making reciprocal crosses between jiouter and fantail pigeons, 
the pouter-race seemed to be prepotent through both sexes over 
the twtail. But this is probably due to weak power in the fantail 
rather than to any unusually strong power in the pouter, for I have 
observed that bubs also preponderate over fantails. This weak- 
ness of transmission in the fantail, though the breed is an ancient 
one, is said * to bo general ; but I have observed one exception to 
the rule, namely, in a cross between a fantail and laugher. The 
most curious instance known to me of weak power in both sexes is 
in the trumpeter pigeon. This breed has Iwcn well known for at 
least 130 years: it breeds perfectly true, as I have been assured by 
those who have long kept many birds; it is characterised by a 
peculiar tuft of feathers over the beak, by a crest on the head, by 
a singular coo quite unlike that of any other breed, and by much- 
feathered feet. I have crossed both sexes with turbits of two sub- 
breeds, with almond tumblers, spots, and runts, and reared many 
mongrels and recrossed them ; and though the crest on the head 



* Quoted by Broun, ‘Gesrhichte 
der N»tur,’ b. ii. s. 170. See Sturm, 
•Ueber Racen,’ 1825, s. 104-107. 
For the niata cattle, $ee mv ‘ Journal 
of Reaearches,’ 1845, p. 148. 

’ Lucaa, ‘ L’Hcrddltil Nat.,’ tom. ii. 



p. 112. 

• Mr. Orton, ‘ Physiology of Breed- 
ing,’ 1855, p. 9. 

• Boitard and CorbU, ‘Lea Pigeons,* 
1824, p. 224. 
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crossed with any other variety. But three birds out of many raised 
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d silky feathers.“ So that it is certain that this breed very 
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On the other hand, there is a silk sub-variety 
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for hybrids raised from five differently coloured hens differed 
greatly in plumage. I formerly examined some curious hybrids in 
the Zoological Gardens, between the Penguin variety of the com- 
mon duck and the Egyptian goose (Atuer oegyptiacm) ; and al- 
though I will not assert that the domesticate variety preMn- 
dcrate over the natural species, yet it had strongly impressed its 
unnatural upright figure on those hybrids. 

I am aware that such cases as the foregoing have been ascribed 
by various authors, not to one spedes, race, or individual being 
prepotent over the other in impressing its character on its crossed 
offspring, but to such rules as that the father influences the ex- 
ternal characters and the mother the internal or vital organs. But 
the great diversity of the rules given by various authors almost 
proves their falseness. Dr. Prosper Lucas has fully discussed this 
point, and has shown '* that none of the rules (and I could add 
others to those quoted by him) apply to all auimals. Similar rules 
have been announced for plants, and have been proved by Gartner '* 
to be all erroneous. If we confine our view to the domesticated 
races of a single species, or perhaps even to the species of the same 
penns, some such rules may hold good ; for instance, it seems that 
m reciprocally crossing various br^s of fowls the male generally 
gives colour;*’ but conspicuous exceptions have passed under my 
own eyes. It seems that the ram usually gives its peculiar horns 
and fleece to its crossed offspring, and the bull the presence or 
absence of horns. 

In the following chapter on Crossing I shall have occasion to 
show that certain characters are rarely or never blended by cross- 
ing, but are transmitted in an unmodified state from either parent- 
form ; I refer to this fact here because it is sometimes accompanied 
on the one iddo by prepotency, which thus acquires the false 
appearance of unusual strength. In the same chapter I shall 
show that the rate at which a species or breed absorbs and ob- 
literates another by repeated crosses, depends in chief part on 
prepotency in transmission. 



In conclusion, some of the cases above given, — for instance, 
that of the trumpeter pigeon,— prove that there is a wide 
difference between mere inheritance and prepotency. This 
latter power seems to us, in our ignorance, to act in most cases 
quite capriciously. The very same character, even though 
it be an abnormal or monstrous one, such as silky feathers, 
may bo transmitted by different species, when crossed, either 
with prepotent force or singular feebleness. It is obvious. 



>• ‘LTHrM. N.t..’ tom. ii. book ii. 
ch. i. 

*• ‘ Bwtardorzeugung,* t. 264-266. 
Naudin (‘Nouvellej Archives du 



Mnseam,’ tom. i. p. 148) his irrived 
at a similar rooclvision. 

*• ‘Cottage Gardener,’ 1856, pp. 
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le it is natural that the character which 
t in both breeds should be prepotent. 
1 to beUevo that there is a latent ten- 
dency in all horses to be dun-coloured and striped ; and 
when a horse of this kind is crossed with one of any other 
colour, it is said that the offspring are almost sure to be 
striped. Sheep have a similar latent tendency to become 
dark-colotired, and we have seen with what prepotent force 
a ram with a few black spots, when crossed with white sheep 
of various breeds, coloured its offspring. All pigeons have a 
latent tendency to l)coome slaty-blue, with certain character- 
istic marks, and it is known that, when a bird thus coloured 
is crossed with one of any other colour, it is most difficult 
afterwards to eradicate the blue tint. A nearly parallel case 
is offered by those black bantams which, as they grow old, 
develope a latent tendency to acquire red feathers. But 
there are exceptions to the rule : hornless breeds of cattle 
possess a latent capacity to reproduce horns, yet when crossed 
with homed breeds they do not invariably produce offspring 
bearing horns. 

Wo meet with analogous cases with plants. Striped flowers, 
though they can be propagated traly by seed, have a latent 
tendency to become uniformly coloured, but when once crossed 
by a uniformly coloured variety, they over afterwards fail to 

1853, p. 220) iith re.p«ct to cnaa 
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produce striped seedlings.^^ Another case is in some respects 
more curiotis : plants bearing pelorio flowers have so strong 
a latent tendency to reproduce their normally irregular 
flowers, that this often occurs by buds when a plant is trans- 
planted into poorer or richer soil.“ Now I cros^ the peloric 
snapdragon (^Antirrhinum majut), described in the last chapter, 
with pollen of the common form : and the latter, reciprocally, 
with pelorio pollen. I thus raised two great l)eds of seed- 
lings, and not one was peloric. Naudin " obtained the same 
result from crossing a peloric Linaria with the common form. 
I carefully examined the flowers of ninety plants of the 
crossed Antirrhinum in the two beds, and their structure liad 
not been in the least affected by the cross, except that in a 
few instances the minute rudiment of the fifth stamen, which 
is always present, was more fully or even completely de- 
veloped. It must not he supposed that this entire obliteration 
of the peloric structure in the crossetl plants can be accounted 
for by any incajiaoity of transmission ; for I raised a large 
hod of plants from the pelorio Antirrhinum, artificially fer- 
tilised by its own pollen, and sixteen plants, which alone 
survived the winter, were all as perfectly peloric as the 
parent-plant. Hero wo have a good instance of the wide dif- 
ference between the inheritance of a character and the power 
of transmitting it to crossed offspring. The crossed plants, 
which perfectly resembled the common snapdragon, were 
aUowod to sow themselves, and out of a hundred and twenty- 
seven seedlings, eighty-eight proved to be common snap- 
dragons, two were in an intennediate condition between the 
peloric and normal state, and thirty-seven were jierfectly 
peloric, having reverted to the structure of their one grand- 
parent. This case seems at first sight to offer an exception 
to the rule just given, namely, that a character which is 
present in one form and latent in the other is generally 
transmitted with prepotent force when the two forms are 
crossed. For in all the Scrophulariacese, and especially in 
the genera Antirrhinum and Linaria, there is, as was shown 

“ Verlot, ‘ Des V.rifWs,’ 1865, p. 66. 

•• Moquin-TandoD, ‘ Teratologie,’ p. 191. 

« * Nouvelles Archives du Mus^m,’ tom. i. p. 1.17. 
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in the last chapter, a strong latent tendency to become 
pelorio ; but there is also, as we have seen, a still stronger 
tendency in all peloric plants to reacquire their normal 
irregular structure. So that wo have two opposed latent 
tendencies in the same plants. Now, with the crossed 
Antirrhinums the tendency to produce normal or irregular 
flowers, like those of the common Snapdragon, prevailed in 
the first generation; whilst the tendency to pelorism, ap- 
pearing to gain strength by the intermission of a generation, 
prevailed to a large extent in the second set of seedlings. 
How it is possible for a character to gain strength by the 
intermission of a generation, will be considered in the chapter 
on pangenesis. 

On the whole, the subject of prepotency is extremely intri- 
cate, — from its varying so much in strcngth, even in regard 
to the same character, in different animals, — from its running 
either equally in both sexes, or, as frequently is the case with 
animals, but nofrwith plants, much stronger in one sex than 
the other, — from the existence of secondary sexual charac- 
ters, — from the transmission of certain characters being 
limited, as wo shall immediately see, by sex, — from certain 
characters not blending together, — and, perhaps, occasionally 
from the effects of a previous fertilisation on the mother. 
It is therefore not surprising that no one has hitherto 
succeeded in drawing up general rules on the subject of 
prepotency. 



Inheritance as limited ly Sex, 

New characters often appear in one sex, and are afterwards 
transmitted to the same sex, either exclusively or in a much 
greater degree than to the other. This subject is important, 
because with animals of many kinds in a state of nature, both 
high and low in the scale, secondary sexual characters, not 
directly connected with the organs of reproduction, are con- 
spicuously present. With our domesticated animals, characters 
of this kind often differ widely from those distinguishing the 
two sexes of the parent species ; and the principle of inheri- 
tance, as limited by sex, explains how this is possible. 
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Dr. P. Lucas has shown** that when a peculiarity, in no manner 
connected with the reproductive organs, appe^ in either parent, 
it is often transmitted exclusively to the offspring of the same sex, 
or to a much grrater number of them than of the opposite sex. 
Thus, in the family of Laml>ert, the hom-like projections on the 
skin were transmitted from the father to his sons and granc^ns 
alone; so it has been with other cases of ichthyosis, with super- 
numerary digits, with a deficiency of digits and phalanges, and in a 
lesser degree with various diseases, especially with colour-blindness 
and the hssmorrhagio diathesis, that is, an extreme liability to profuse 
and uncontrollable bleeding from trifling wounds. On the other 
hand, mothers have transmitted, during several generations, to their 
daughters alone, supernumerary and deficient digits, colour-blindness 
and other peculiarities. So that the very same peculiarity may 
become attaced to either sex, and bo long inherited by that sex 
alone ; but the attachment in certain cases is much more frequent 
to one than the other sex. The same peculiarities also may be 
promiscuously transmitted to either sex. Dr. Lucas gives other 
cases, showing that the male occasionally transmits his peculiarities 
to his daughters alone, and the mother to her sons alone; but even 
in this case we see that inheritance is to a certain extent, though 
inversely, regulated by sex. Dr. Lucas, after weighing the whole 
evidence, comes to the conclusion that every peculiarity tends to 
be transmitted in a greater or lesser degree to that sex in which it 
first appears. But a more definite rule, as I have elsewhere shown,** 
generally holds good, namely, that variations which first appear in 
either sex at a late period of life, when the reproductive functions 
are active, tend to he develop^ in that sex alone ; whilst variations 
which first appear early in life in either sex are commonly trans- 
mitted to both sexes. I am, however, far from supposing that this 
is the sole determining cause. 

A few details from the many cases collected by Mr. Sedgwick,** 
may Iw hero given. Colour-blindness, from some unknown catise, 
shows itself much oftoner in males than in females ; in upwards of 
two hundred cases collected by Sir. Sedgwick, nine-tenths related 
to men ; but it is eminently liable to be transmitted through women. 
In the case given by Dr. Earle, members of eight related families 
were affected during five generations: these families consisted of 
sixty-one individuals, namely, of thirty-two males, of whom nine- 
sixteenths were incapable of distinguishing colour, and of twenty- 
nine females, of whom only one-fifteenth were thus affecti^ 
Although colour-blindness thus generally clings to the male sex. 



“ • L’HirAf. N»t.,* tom. iL pp. 137- 
163. See, siso, Mr. S«dgwick’< four 
memoirs, immediately to be referred 

“ * Descent of Man,’ 2nd edit., p. 
32. 



** On Seioal Limitation in Heredi- 
tary Diseases, ‘Brit. anJ For. Med.- 
Chirurg. Review,’ April 1861, p, 477 ; 
July, p. 198 ; April 1863, p. 443 ; and 
July, p. 139. Also in 1867, ‘On the 
influence of Age in Hereditary Disease,’ 
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noverthelcss, in one instance in which it first appeared in a female, 
it was transmitted during five generations to thirteen indiridnals, 
all of whom were females. The luemorrhagic diathesis, often accom- 
panied by rheumatism, has been known to affect the males alone 
during five graerations, being transmitted, however, through the 
females. It is said that deficient phalanges in the fingers have 
been inherited by the females alone during ten generations. In 
another case, a man thus deficient in both hands and feet, trans- 
mitted the peculiarity to his two sons and one daughter; but in 
the third generation, out of nineteen grandchildren, twelve sons 
had the family defect, whilst the seven daughters wore free. In 
ordinary cases of sexual limitation, the sons or daughters inherit 
the peculiarity, whatever it may be, from their father or mother, 
and transmit it to their cluldren of the same sex ; but gener^ly 
with the hmmorrhagic diathesis, and often with colour-blindness, 
and in some other cases, the sons never inherit the peculiarity 
directly from their fathers, but the daughters alone transmit the 
latent tendency, so that the sons of the daughters alone exhibit it. 
Thus the father, grandson, fnd great-great-grandson will exhibit a 
peculiarity, — tlie grandmother, daughter, and great-grand -daughter 
having transmittM it in a latent state. Hence wo have, as Mr. 
Sedgwick remarks, a double kind of atavism or reversion; each 
grandson apparently receiving and developing the peculiarity from 
hisjpandfatber, aud each daughter apparently receiving the latent 
tendency from her grandmother. 

From the various facta recorded by Dr. Prosper Lucas, Mr. 
Sedgwick, and others, there can bo no doubt that peculiarities first 
appcimng in either sex, though not in any way necessarily or 
invariably connected with that sex, strongly tend to be inherited by 
the offspring of the same sex, but are often transmitted in a latent 
state through the opposite sex. 

Turning now to domesticated animals, wo find that certain 
characters not proper to the parent species are often confined to, 
and inherited by, one sex alone; but we do not know the history 
of the first appearance of such characters. In the chapter on Sheep, 
we have aeon that the males of certain races differ greatly from 
the females in the sliape of their horns, these lieing absent in the 
ewes of some breeds ; they differ also in the development of fat in 
tto tail and in the outline of the forehead. These differences, 
judging from the character of the allied wild species, cannot be 
accounted for by supposing that they have been derived from 
distinct parent forma There is, also, a great difference between 
the horns of the two sexes in one Indian br^ of goata The bull 
zebu is said to have a larger hump than the cow. In the Scotch 
deer-hound the two sexes differ in size more than in any other 
variety of the dog," and, judging from analog, more than in the 
aboriginal parent-speciea The peculiar colour called tortoise- 

" W. Scrvpc, ‘Art of Deer Stalking,' p. 354. 
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shell is very rarely seen in a male cat; the males of this variety 
being of a msty tint. 

In varions breeds of the fowl the males and females often differ 
greatly ; and these differences are far firom being the same with 
those which distinguish the two sexes of the parent-species, the 
Gallui bankiva ; and consequently have originated under domesti- 
cation. In certain sub-varieties of the Game race we have the 
unusual case of the hens differing fh>m each other more than the 
cocks. In an Indian breed of a white colour shaded with black, the 
hens invariably have black skins, and their bones are covered by a 
black periosteum, whilst the cocks are never or most rarely thus 
characterised. Pigeons offer a more interesting case ; for throughout 
the whole great fiunily the two sexes do not often differ much ; and 
the males and females of the parent-form, the C. livia, are undistin- 
gnishable : yet we have seen that with pouters the male has the 
characteristic quality of pouting more strongly developed than the 
female ; and in cert^ sub- varieties the males alone are spotted or 
striated with black, or otherwise differ in colour. When male and 
female English carrier-pigeons are exhibited in separate pens, the 
difference in the development of the wattle over the beak and 
round the eyes is conspicuous. So that here we have instances of 
the appearance of secondary sexual characters in the domesticated 
races of a species in which such differences are naturally quite 
absent. 

On the other hand, secondary sexual characters which 
belong to the species in a state of na^ire ai-e sometimes quite 
lost, or greatly diminished, under domestication. We see 
this in the small size of the tusks in our improved breeds of 
the pig, in comparison writh those of the wild boar. Tliere 
are sub-breeds of fowls, in which the males have lost the fine- 
flowing tail-feathers and hackles ; and others in which there 
is no difference in colour between the two sexes. In some 
cases the barre<l plumage, which in gallinaceous birds is 
commonly the attribute of the hen, has been transferred to 
the cock, as in the cuckoo s»ib-breeds. In other cases mascu- 
line characters have been partly transferred to the female, as 
with the splendid plumage of the golden-spanglwl Hamburg 
hen, the enlarged comb of the Spanish hen, the pugnacious 
disposition of the Game hen, and as in the well-developed 
spurs which occasionally appear in the hens of various breeds. 
In Polish fowls both sexes are ornamented with a topknot, 
that of the male being formed of hackle-like feathers, and 
this is a new male character in the genus Gallus. On the 
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whole, as far as I can jntige, new characters are more apt 
to appear in the males of onr domesticated animals than in 
the females,** and afterwards to bo inherited exclusively or 
more strongly by the males. Finally, in accordance with 
the principle of inheritance as limited by sox, the preserva- 
tion and augmentation of secondary sexual characters in 
natural species offers no especial difficulty, as this would 
follow through that form of selection which I have called 
sexual selection. 

Inheritance at corresponding periods of Life. 

This is an important subject. Since the publication of my 
‘ Origin of Species,’ I have seen no reason to doubt the truth 
of the explanation there given of one of the most remarkable 
facts in biology, namely, the difference between the embryo 
and the adult animal. The explanation is, that variations 
do not necessarily or generally occur at a very early period 
of embryonic growth, and that such variations are inherited 
at a corresponding age. As a consequence of this the embryo, 
even after the jiarent-form has undergone great modification, 
is loft only slightly modified ; and the embryos of widoly- 
different animals which are descendetl from a common pro- 
genitor remain in many important respects like one another 
and probably like their common progenitor. We can thus 
understand why embryologj' throws a flood of light on the 
natural system of classification, as this ought to be as far as 
possible genealogical. When the embryo leads an inde-' 
pendent life, that is, becomes a larva, it has to be adapted 
to the surrounding conditions in its structure and instincts, 
independently of those of its parents; and the principle 
of i^eritance at corresjxindmg periods of life renders this 
possible. 

This principle is, indeed, in one way so obvious that it 
escapes attention. We possess a number of races of animals 
and plants, which, when compared with one another and with 

” I hare given in mjr ‘ Descent of nsnally more variable than the fe- 
Man’ (2nd edit. p. 223) sufficient males, 
evidence that male animals are 

£ 2 
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thoir paront-foms, present conspicuous differences, both in 
their immature and mature states. Look at the seeds of the 
several kinds of peas, beans, maize, which can be projiagated 
truly, and see how they differ in size, colour, and shape, 
whilst the full-grown plants differ but little. Cabbages, on 
the other Imnd, differ greatly in foliage and manner of growth, 
but hardly at all in thoir seeds ; and generally it will be 
found that the differences between cultivated plants at dif- 
ferent periods of growth are not necessarily closely connected 
together, for plants may differ much in their seeds and little 
when full-grown, and conversely may yield seeds hardly 
distinguishable, yet differ much when full-grown. In the 
several breeds of poultry, descended from a single species, 
differences in the eggs and chickens whilst covered with 
down, in the plumage at the first and subsequent moults, as 
well as in the comb and wattles, are all inherited. With 
man peculiarities in the milk and second teeth (of which I 
have received the details) are inheritable, and longevity is 
often transmitted. So again with our improved breeds of 
cattle and sheep, early maturity, including the early develop- 
ment of the teeth, and with certain breeds of fowl the early 
appearance of secondary sexual characters, all come under the 
same head of inheritance at corresponding periods. 

Numerons analogous facts could be given. The silk-moth, 
perhaps, offers the best instance ; for in the breeds which 
transmit thoir characters truly, the eggs differ in size, colour, 
and shape : the caterpillars differ, in moulting three or four 
times, in oolonr, even in having a dark-coloured mark like 
an eyebrow, and in the loss of certain instincts ; — the cocoons 
differ in size, shape, and in the colour and quality of the 
silk: these several differences being followed by slight or 
barely distinguishable differences in the mature moth. 

But it may be said that, if in the above cases a new pecu- 
liarity is inherited, it must be at the corresponding stage of 
development ; for an egg or seed can resemble only an egg or 
seed, and the horn in a full-grown ox can resemble only a 
horn. The following cases show inheritance at corresponding 
periods more plainly, because they refer to peculiarities which 
might have supervened, as far as we can see, earlier or later 
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in life, yot arc inherited at the same period at which they 
firxt appeared. 

In the Lambert family the porcnpine-Iike excrescences appeared 
in the father and sons at the same age, namely, about nine weeks 
after birth.** In the extraordinary hairy family described by Mr. 
Crawfurd," children were produced during throe generations with 
hairy cars ; in t)io father the hair began to grow over his body at 
six years old; in his duughter somewhat earlier, mimely, at one 
year ; and in both generations the milk teeth appeared late in life, 
the permanent teeth being afterwards singularly deficient Orey- 
ncss of hair at an unusually early age has been transmitted in some 
fiunilies. These cases border on diaoucs inherited at corresponding 
periods of life, to which I shall immediately refer. 

It is a well-known peculiarity with almond-tumbler pigeons, that 
the full beauty and peculiar character of the plumage does not 
appoM until the bird nas moulted two or three times. Ncumoistcr 
describes and figures a brace of pigeons in which the whole body is 
white except the breast, neck, and head ; but in their first plumage 
all the white feathers bare coloured ed^ Another brood is more 
remarkable : its first plumage is black, with rusty-red wing-liars 
and a cresoent-shapcd mark on the breast; these marks then 
become white, and remain so during throe or four moults; but after 
this period the white spreads over the liody, and the bird loses its 
beauty." Prize canary-birds have their wings and tail black; 

this colour, however, is only retained until the first moult, so that 
" they must be exhibited ere the change takes place. Once 
" moQltcd, the peculiarity has ceased. Of course all the bir^ 
“ emanating from this stock have black wings and tails tbe first 
year.”** A curious and somewhat analogous account has been 
given** of a family of wild pied rooks which were first olwerved in 
1798, near Chalfont, and which every year from that date up to the 
period of the published notice, viz., 1837, “ have several of their 
“ brood particoloured, black and white. This variegation of the 
“ plumage, however, disappears with the first moult ; but among 
” the next young families there are always a few pied ones.” 
These change of plmna^, which arc inherited at various corre- 
sponding iieriods of life in the pigeon, canary-bird, and rook, are 
remarkable, because tbe potent^pecics passM through no such 
change. 

Inliuritcd diseases afford evidence in some respects of less value 



•• Prichwd, ‘Riyf. Hi»t.of Mm- 
kiad.' IWl, ToU i. p. 349. 

*' ■ EmlNuay to tka Court of An,’ 
toL L p. 320. Tha third ganarstioa 
b dawribad by Capt. Yula in bu 
* Namtira of tha Miaaion to tha 
Court of Ava,’ 1855, p. 94. 






*■ ‘Daa Oanxa d 
1837,0.24, to 

** Kidd’s ‘ Traatiaa on tha Canary,’ 
^ 18. 

« Charleaworth, ‘ Mag. of Nat. 
Hi«t.,’ vol. i. 1837, p. 187. 
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tlian the foregoing caseci, becansc diseases are not necessarily con- 
nected with any cliango in structure ; but in other respects of more 
Talue, because the periods have been more carefully observei 
Certain diseases are communicated to the child apparently by 
a process like inoculation, and the child is from the first affected; 
such cases may be hero passed over. Largo classes of diseases 
nsnally appew at certain ages, such as St Vitus’s dance in yonth, 
consumption in early mid-life, gout later, and apoplexy still later ; 
and these are naturally inherited at the same period. But even in 
diseases of this class, instances have been recorded, as with St 
Vitus’s dance, showing that an unusually early or late tendency to 
the disease is inheritable.* In most cases the appearance of any 
inherited disease is largely determined by certain critical periods 
in each person’s life, as well as by nnCavonrablo conditions. There 
are many other diseases, which are not attached to any particular 
period, but which certainly tend to appear in the child at aliout 
the same ago at which the parent was first attacked. An array of 
hi^h authorities, ancient and modem, could be given in support of 
this proposition. 'The illnstrions Hunter believed in it; and PioriT** 
cautions the physician to look closely to the child at the period 
when any grave inheritable disease attacked the parent. Dr. 
Prosper Lucas," after collecting facts frinn every source, asserts 
that affections of all kinds, though not related to any particular 
ixtriod of life, tend to reappear in the offiipring at whatever period 
of life they first appeared in the progenitor. 

As the subject is important, it may bo well to give a few 
instances, simply as illustrations, not as proof; for proof, recourse 
must be had to the anthorities above quoted. Some of the 
following cases have been selected for the sake of showing that, when 
a Blight departure from the rule occurs, the child is affected some- 
what earlier in life ttan the parent. In the family of Le Compte 
blindness was inherited through three generations, and no Ices 
than twenty-seven children and grandchildren were all affected at 
about the same age; their blindness in general Itegan to advance 
alwnt the fifteenth or sixteenth year, and ended in total deprivation 
of sight at the age of about twenty-two." In another case a father 
and liis four children all liecame blind at twenty-one years old; in 
another, a grandmother grew blind at thirty-five, her daughter at 
nineteen, and three grandchildren at the ages of thirteen and eleven." 



" Dr. Prmper Lucu, ‘ H^rM. Nat.,’ 

dana l«a Maladiaa,' 
1840, p. 135. For Haat«r, aaa Bar- 
laa’s ‘Med. Reaesrehea,’ p. 530. 

« ‘ L’H4r<d. Nat,’ tom. H. p. 850. 
" Sedgwick, ‘ Brit, aad For. Med.- 
Cbimrg. Reriew,’ April, 1861, p. 485. 
In Bome accoonta the number of 



children and grandchildren it given 
at 37 ; but thb teemt to be an error 
judging from the paper firtt pnblUhed 
in the • Baltimore Med. and Phyt. 
Reg.’ 1809, of which Mr. Sedgwick 
bat been to kind at to tend me a copy. 

* Protper Lucat, ‘U^nid. Nat.’ 
tom. i. p. 400. 
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8o with deafness, two hr 



o brothers, their father and paternal grand- 
*■ at the i^e of forty.* 

al striking instances of insanity coming on 
t of a grandfather, father, and son, who all 
ir their fiftieth year. Many other cases could 
family who became insane at the age of forty." 

— jtions sometimes follow the same rule, — for 

instance, epilepsy and apoplexy. A woman died of tlie latter 



who all died from tuberct^r meningitis.* 
it illnstratcs a frequent 



the same orgaj 



mention this latter 
nature of an inherit^ disease, though stfll affecting 




ma has attacked several members of the same family when 


two sons began at the same age to bend inwards in a similar 
manner. Strange and inexplicable neuralgic affections have caused 
parents and children to suffer agonies at about the same period 

I will give only two other cases, wl 
illustraUng the disappearance as well as tl 
at the same age. Two brothers, their fath< 



period 

, which are interesting as 
s the appearance of disease 
ither, their paternal uncles, 
r paternal grwdfathcr, were all similarly 
u,....,.d by a skin-disease, called pit^asis versicolor ; " the disease, 
strictly limited to the nudes of the family (though transmitted 
through the females), usually appeared at puterty, and is- 
appeared at about the age of forty or forty-five years.” The second ' 
case is that of four brothers, who when about twelve years old 
suffered almost every week from severe headaches, which were 
relieved only by a recumbent position in a dark room. Their 
father, paternal uncles, paternal grandfather, and granduncles all 
suffer^ in the same way from headaches, which cca^ at the age 
■ nr or fifty-five in all those who lived so long. None of 
» of the family were affected." 



It is impossible t 



I the foregoing accounts, and the 



" Piorry, p. 109; Pro«,»ir Luau, Di»ea^’ 1843, pp. 27, 34. 
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on during three or even more generations in several members 
of the same family at the same age, especially in the case of 
rare affections in which the coincidence cannot be attributed 
to chance, and to doubt that there is a strong tendency to in- 
heritance in disease at corresponding periods of life. 'When 
the rule fails, the disease is apt to come on earlier in the child 
than in the parent; the exceptions in j the other direction 
l)eing very much rarer. Dr. Imcas “ alludes to several cases 
of inheritetl diseases coming on at an earlier period. I have 
already given one striking instance with blindness during 
three generations ; and Mr. Bowman remarks that this fre- 
quently occurs with cataract. With cancer there seems to be 
a peculiar liability to earlier inheritance : Sir J. Paget, who 
has particularly attended to this subject, and tabulated a large 
number of cases, informs me that he believes that in nine 
cases out of ten the later generation suffers from the disease 
at an earlier period than the previous generation. lie adds, 
In the instances in which the opposite relation holds, and 
the members of later generations have cancer at a later age 
than their predecessors, I think it will be found that the 
non-cancerous parents have lived to extreme old ages.” So 
that the longevity of a non-affected parent seems to have the 
jiowcr of influencing the fatal period in the offspring ; and 
we thus apparently get another element of complexity in 
inheritance. 

The facts, showing that with certain diseases the period of 
inheritance occasionally or oven frequently advances, are 
important with respect to the general descent-theory, for they 
render it probable that the same thing would occur with 
ordinary modifications of structure. The final result of a 
long series of such advances would be the gradual obliteration 
of characters proper to the embryo and larva, which would 
thus come to resemble more and more closely the mature 
parent-form. But any structure which was of service to the 
embryo or larva would bo preserved by the destruction at 
this stage of growth of each individual which manifested 
any tendency to lose its proper character at too early an age. 

'* ‘ Hired. Kit.,’ tom. ii. p. 852. 
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Finally, from the numerous races of cultivated plants and 
domestic animals, in which the seeds or eggs, the young or 
old, differ from one another and from those of the parent- 
species from the cases in which new characters have ap- 
pearetl at a jiarticular period, and afterwards been inherit^ 
at the same peritxl ; — and from what wo know with respect 
to disease, we must believe in the truth of the great principle 
of inheritance at corresponding periods of life. 

Summary of the three preceding Chapters . — Strong as is the 
force of inheritance, it allows the incessant appearance of new 
characters. These, whether beneficial or injurious, — of the 
most trifling importance, such as a shade of colour in a flower, 
a coloured lock of hair, or a mere gesture, — or of the highest 
importance, as when affecting the brain, or an organ so perfect 
and complex as the eye, — or of so grave a nature as to deserve 
to bo called a monstrosity, — or so |>eculiar as not to occur 
normally in any member of tlie same natural class,— are often 
inherite<l by man, by the lower animals, and plants. In 
numl)erlc8s cases it suflSccs for the inheritance of a pecu- 
liarity tliat one parent alone should be thus characterised. 
Inequalities in the two sides of the body, though opposed to 
the law of symmetiy, may bo transmitted. There is ample 
evidence that the effects of mutilations and of accidents, es- 
pecially or perhaps exclusively when followed by disease, are 
occasionally inherited. There can lie no doubt that the evil 
effects of the long-continued exposure of the parent to in- 
jurious conditions are sometimes transmitted to the offspring. 
So it is, as wo shall see in a future chapter, with the effects 
of the use and disuse of parts, and of mental habits. Periodi- 
cal habits are likewise transmitted, but generally, as it would 
appear, with little force. 

lienee we are letl to look at inheritance as the rule, and 
non-inheritance as the anomaly. But this power often ap- 
pears to us in our ignorance to act capriciously, transmitting 
a character with inexplicable strength or feebleness. The 
very same peculiarity, as the weeping habit of trees, silky 
feathers, &c., may be inherited either firmly or not at all by 
different members of the same group, and oven by different 
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iudividuals of the same species, though treated in the same 
manner. In this latter case we see that the power of trans- 
mission is a quality which is merely individual in its attach- 
ment As with single characters, so it is with the several 
concurrent slight dififerences which distinguish sub-varieties 
or races ; for of these, some can be propagated almost as truly 
as species, jvhibt others cannot be relied on. The same rule 
holds good with plants, when propagated by bulbs, offsets, 
&&, which in one sense still form parts of the same individual, 
for some varieties retain or inherit through successive bud- 
generations their character far more truly than others. 

Some characters not proper to the parent-species have cer- 
tainly been inherited from an extremely remote epoch, and 
may therefore be considered as firmly fixed. But it is doubt- 
ful whether length of inheritance in itself gives fixedness of 
character; though the chances are obviously in favour of any 
character which has long been transmitted true or unaltered, 
still being transmitted true as long as the conditions of life 
remain the same. We know that many species, after having 
retained the same character for countless ages, whilst living 
under their natural conditions, when domesticated have varied 
in the most diversified manner, that is, have failed to transmit 
their original form; so that no character appears to be 
absolutely fixecL Wo can s«>motimes account for the failure 
of inheritance by the conditions of life being opposed to the 
development of certain characters ; and still oftener, as with 
plants cultivated by grafts and buds, by the conditions 
causing new and slight modifications incessantly to appear. 
In this latter case it is not that inheritance wholly fails, but 
that new characters are continually superadded. In some 
few cases, in which both parents are similarly characterised, 
inheritance seems to gain so much force by the combined 
action of the two ]'arents, that it counteracts its own power, 
and a new modification is the result. 

In many cases the failure of the parents to transmit their 
likeness is due to the breed having Is-en at some former period 
crossed; and the child takes after his grandparent or more 
remote ancestor of foreign blood. In other cares, in which 
the breed has not been crossed, but some ancient character 
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has been lost through variation, it occasionally reappears 
through reversion, so that the parents apparently fail to 
transmit their own likeness. In all cases, however, we may 
safely conclude that the child inherits all its characters from 
its parents, in whom certain characters are latent, like the 
secondary sexual characters of one sex in the other. When, 
after a long succession of bud-generations, a flower or fruit 
becomes separated into distinct segments, having the colours 
or other attributes of both parent-forms, we cannot doubt 
that these characters were latent in the earlier buds, though 
they could not then be detected, or could be detected only in 
an intimately commingled state. So it is with animals of 
crossed parentage, which with advancing years occasionally 
exhibit characters derived from one of their two parents, of 
which not a trace could at first bo perceived. Certain mon- 
strosities, which resemble what naturalists call the typical 
form of the group in question, apparently come under the 
same law of reversion. It is a.>isuredly an astonishing fact 
that the male and female sexual elements, that buds, and 
even full-growm animals, should retain characters, during 
several generations in the case of crossed breeds, and during 
thousands of generations in the case of ptire breeds, written 
as it were in invisible ink, yet ready at any time to be evolved 
under certain conditions. 

What these conditions precisely are, we do not know. 
But any cause which disturbs the organisation or constitu- 
tion seems to be sufficient. A cross certainly gives a strong 
tendency to the reappearance of long-lost characters, both 
corporeal and mental. In the case of plants, this tendency 
is much stronger with those species which have been crossed 
after long cultivation and which therefore have had their 
constitutions disturbed by this cause as well as by crossing, 
than with species which have always lived under their natural 
conditions and have then been crossed. A return, also, of 
domesticated animals and cultivated plants to a wild state 
favours reversion ; but the tendency under these circumstances 
has been much exaggerated. 

When individuals of the same family which diflbr some- 
what, and when races or species are crossed, the one is often 
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prepotent over the other in transmitting its character. A 
race may possess a strong power of inheritance, and yet when 
crossed, as we have seen with trumpeter-pigeons, yield to the 
prepotency of every other race. Prepotency of transmission 
may be equal in the two sexes of the same species, but often 
runs more strongly in one sex. It plays an important part 
in determining the rate at which one race can bo modified or 
wholly absorbed by repeated crosses with another. We can 
seldom toll what makes one race or species prepotent over 
another ; but it sometimes depends on the same character 
being present and visible in one parent, and latent or poten- 
tially present in the other. 

Characters may first appear in either sex, but oftener in 
the male than in the female, and afterwards be transmitted 
to the ofispring of the same sex. In this case we may feel 
confident that the peculiarity in question is really present 
though latent in the opposite sex! hence the father may 
transmit through his daughter any character to his grandson : 
and the mother conversely to her granddaughter. We thus 
loam, and the fact is an important one, that transmission and 
development are distinct powers. Occasionally these two 
powera seem to be antagonistic, or incapable of combination 
in the same individual ; for several cases have been recorded 
in which the son has not directly inherited a character from 
his father, or directly transmitted it to his son, but has 
received it by transmission through his non-affected mother, 
and transmitted it through his non-afiected daughter. Owing 
to inheritance being limited by sox, we see how secondary 
sexual characters may have arisen under nature ; their 
preservation and accumulation being dependent on their 
service to either sex. 

At whatever period of life a new character first appears, it 
generally remains latent in the ofispring until a corresponding 
age is attained, and then is developed. When this rule fails, 
the child generally exhibits the character at an earlier period 
than the parent. On this principle of inheritance at corre- 
sponding periods, we can understand how it is that most 
animals display from the germ to maturity such a marvellous 
succession of characters. 
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Finally, though much remains obscure with respect to In- 
heritance, we may look at the following laws as fairly well 
established. Firstly, a tendency in every character, new and 
old, to be transmitted by seminal and bud generation, though 
often counteracted by various known and unknown causes. 
Secondly, reversion or atavism, which depends on transmis- 
sion and development being distinct powers: it acts in 
various degrees and manners through both seminal and bud 
generation. Thirdly, prepotency of transmission, which 
may be confined to one sex, or bo common to both sexes. 
Fourthly, transmission, as limited by sex, generally to the 
same sex in which the inherited character first appeared ; 
and this in many, probably most cases, depends on the 
now character having first appeared at a rather late period 
of life. Fifthly, inheritance at corresponding periods of life, 
with some tendency to the earlier development of the 
inherited character. In these laws of Inheritance, as dis- 
played under domestication, we see an ample provision for 
the production, through variability and natural selection, of 
new specific forms. 
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UINED BY PBEPOTFJtCY OP TBAN8MI8S 
AND BY NATl'RAL SELECTION— AU. OB< 
OBOSS; APPARENT EXCEPTIONS— ON C 

pcsion; chiefly ob exclcsively 
APPEABED IN THE INDIVIDUAL — ON Til 
THE FORMATION OP NEW BACES. B1 



TWO COMMINGLING BREEDS ABE 
THE BATE OP ABSORPTION DETER- 
SION, BY THE CONDITIONS OP LIFE, 
QANIC BEINGS OCCASIONALLY INTEB- 
EBTAIN CTIABACTEB8 INCAPABLE OP 
THOSE WHICH HAVE SUDDENLY 
MODIFICATION OF OLD RACES, AND 



1 THE FORMATION t 



In the two previous chapters, when discussing reversion and 
prepotency, I was necessarily led to give many facts on 
crossing. In the present chapter I shall consider the part 
which crossing plays in two opposed directions, — firstly, in 
obliterating characters, and consequently in preventing the 
formation of new races ; and secondly, in the modification of 
old races, or in the formation of new and intermediate races, 
by a combination of characters. I shall also show that certain 
characters are incapable of fusion. 

The effects of fiee or uncontroUed breeding between the 
members of the same variety or of closely allied varieties are 
important ; but are so obvious that they need not be dis- 
cussed at much length. It is free intercrossing which chiefly 
gives uniformity, both under nature and under domestication, 
to the individuals of the same species or variety, when they 
live mingled together and are not exposed to any cause 
inducing excessive variability. The prevention of free cross- 
ing, and the intentional matching of individual animals, are 
the corner-stones of the breeder’s art. No man in his senses 
would expect to improve or modify a breed in any particular 
manner, or keep an old breed true and distinct, unless he 
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separated his animals. The killing of inferior animals in 
each generation comes to the same thing as their separation. 
In savage and semi-civilised countries, where the inhabitants 
have not the means of separating their animals, more than 
a single breed of the same species rarely or never exists. In 
former times, even in the United states, there were no distinct 
races of sheep, for all had been mingled together.' The cele- 
brated agriculturist Marshall ’ remarks that “ sheep that 
“ are kept within fences, as well as shepherded flocks in open 
** countries, have generally a similarity, if not a uniformity, 
“of character in the individuals of each flock;" for they 
breed freely together, and are proventc<l from crossing with 
other kinds; whereas in the unonclosc<l parts of England 
the unshepherded sheep, even of the same flock, are far from 
true or uniform, owing to various breeds having mingled 
and crossod. We have seen that the half-wild cattle in 
each of the several British parks are nearly uniform in cha- 
racter ; but in the difierent parks, from not having mingled 
and crossed during many generations, they differ to a 
certain small extent. 

We cannot doubt that the extraordinary number of varieties 
and sub-varieties of the pigeon, amounting to at least one 
hundred and fifty, is partly due to their remaining, dif- 
ferently from other domesticated birds, paired for life once 
match^. On the other hand, breeds of cats imported into 
this country soon disappear, for their nocturnal and rambling 
habits render it hardly possible to prevent free crossing. 
Rengger" gives an interesting case with respect to the cat 
in Paraguay : in all the distant parts of the kingdom it has 
assumcsl, apparently from the effects of the climate, a peculiar 
character, but near the capital this change has been pre- 
vente*!, owing, as ho asserts, to the native animal frequently 
crossing with cats imported from Europe. In all cases like 
the foregoing, the effects of an occasional cross will be aug- 
mented by the increased vigour and fertility of the crossod 
offspring, of which fact evidence will hereafter be given ; for 

■ ‘CommnnicAtioiu to th« Board of Eogland,’ 1808, p. 200. 

Acricnitnn!,' vol. i. p. 367. • • SangHhiere ron Paraguay,’ 

• ‘ Rariew of Reports, North of 1830, s. 212. 
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tliis will lead to the mongrola increasing more rapidly than 
the pure parent-breeds. 

When distinct breeds are allowed to cross freely, the rcsnlt 
will be a hctorogcneons body ; for instance, the dogs in Para- 
guay are iar from uniform, and can no longer be afliliatcd to 
their parent-races.* The character which a crossed body of 
animals will ultimately assume must depend on several con- 
tingencies, — namely, on the relative membersofthe individuals 
belonging to the two or more races which are allowed to 
mingle ; on the prepotency of one race over the other in the 
transmission of character; and on the conditions of life to 
which they are exposed. When two commingled breeds exist 
at first in nearly equal numbers, the whole will sooner or 
later become intimately blended, but not so soon, Imth breeds 
being equally favoured in all respects, as might have been 
expected. The following calculation * shows that this is the 
case : if a colony with an equal number of black and white 
men were founded, and we assume that they marry indis- 
criminately, are equally prolific, and that one in thirty 
annually dies and is horn ; then “ in 65 years the number of 
“ blacks, whites, and muiattoes would be equal. In 91 years 
“ the whites would be 1-lOth, the blacks 1-lOth, and the 
“ muiattoes, or people of intermediate degrees of colour, 
“ 8-lOths of the whole number. In three centuries not 
“ 1 -100th part of the whites would exist." 

When one of two mingled races exceed the other greatly 
in number, the latter will soon be wholly, or almost wholly, 
absorbed and lost.* Thus European pigs and dogs have been 
largely introduced in the islands of the Pacific Ocean, and 
the native races have been absorbed and lost in the course of 
about fifty or sixty years ; ’ but the imported races no doubt 
were favoured. Rats may bo considered as semi-domesticated 
animals. Some snake rats (Jlfus alexaudriniu) escaped in the 
Zoological Gardens of London, “ and for a long time after- 



• Rcagger, * SAugethiere,’ Ac., t. 
154. 

• White, ‘Regnlar Gndatioo io 
Uu,’ p. 146. 

• Dr. W. F. Edwude, in his ‘Cs- 
nettres Physiolog. des Races Hn- 



maines,* p. 24, first called atuntioa 
to this snMect, and abljr disensaed it. 

' Her. D. Tyerman and Bennett, 
• Jonmal of VOTagea,' 1821-1829, Tol. 
tp.300. 
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“ wards tho keepers frequently caught cross-bred rats, at 
“ first half-brods, afterwards with less of tho character of tho 
“ snake-rat, till at length all traces of it disappeared.’ On 
tho other hand, in some parts of London, especially near the 
docks, where fresh rats are frequently im]>orted, an endless 
variety of intermediate forms may be found between the 
brown, black, and snake rat, which are all three tisually 
ranked as distinct species. 

How many generations are necessary for one species or race 
to absorb another by repeated crosses has often been dis- 
cussed ; * and tho requisite number has probably been much 
exaggerated. Some writers have maintained that a dozen 
or score, or even more generations, are necessary ; but this in 
itself is improbable, for in the tenth generation there would 
bo only l-1024th part of foreign blood in tho ofibpring. 
Gartner found,*’ that with plants, one species could he made 
to absorb another in from throe to five generations, and he 
believes that this could always he effected in from six to 
seven generations. In one instance, however, Kiilrenter** 
speaks of tho offspring of MirabilU vulgaris, crossed during 
eight successive generations by M. Icngiflora, as resembling 
this latter species so closely, that the most scrupulous 
observer could detect “ vix aliquam notabilem differentiam ” 
or, as he says, he succeeded, ad plenariam fere transmuta- 
tionom.” But this expression shows that tho act of absorp- 
tion was not even then absolutely complete, though these 
crossed plants contained only tho l-256th part of M. vulgaris. 
Tho conclusions of such accurate observers as Gartner and 
Kolrenter are of far higher worth than those made without 
scientific aim by breeders. Tho most precise account which 
I have met with is given by Stonehenge,” and is illustrated 
by photographs. Mr. Hanley crossed a greyhound bitch with 
a bulldog ; the offspring in each succeeding generation being 
recrossed with first-rate greyhounds. As Stonehenge remarks. 



• Mr. S. J. S»lter, ‘ Journal Linn. 
Soc.,’ Tol. tL, 1862, p. 71. 

* Sturm, ‘ Uaber Racen, &c.,’ 1823, 
a. 107. Bronn, ‘ Geachichte der Na- 
tur,’ b. it a. 170, givea a table of the 
proportiona of bl^ after auccesaire 
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croaaea. Dr. P. Lucaa, ‘L’UdrddiU 
Nat.,’ tom. U. p. 308. 

>• • Baatarderxeugung,* a. 463, 470. 
•> ‘Nora Acta I’etrop.,’ 1794, p. 
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•• ‘ The Dog,’ 1867, pp. 179-184. 
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it might naturally lio supposed that it would take several 
crosses to get rid of the heavy form of the bulldog; hut 
Hysterics, the gr-gr-granddanghter of a bulldog, showed no 
trace whatever of this breed in external form. She and all 
of the same litter, however, wore “ remarkably deficient in 
“ stoutness, though fast as well as clever.” I believe clever 
refers to skill in turning. Hysterics was put to a son of 
Bedlamite, “ but the result of the fifth cross is not as yet, I 
•' believe, more satisfactory than that of the fourth.” On the 
other hand, with sheep, Fleischmanu ** shows how persistent 
the effects of a single cross may be : he says “ that the original 
“ coarse sheep (of Germany) have 6500 fibres of wool on a 
“ square inch ; grades of the third or fourth Merino cross 
“ produced about 8000, the twentieth cross 27,000, the per- 
“ feet pure Merino blood 40,000 to 48,000.” So that common 
German sheep crossed twenty times successively with Merino 
did not by any moans acquire wool as fine as that of the pure 
breed. But in all cases, the rate of alisorption will depend 
largely on the conditions of life being favouiablo to any 
particular character ; and we may susirect that there would 
bo a constant tendency to degeneration in the wool of Merinos 
under the climate of Germany, unless prevented by careful 
selection ; and thus perhaps the foregoing remarkable case 
may be explained. The rate of absoqition must also depend 
on the amount of distinguishable difference between the two 
fonus which are crossed, and especially, as Gartner insists, on 
prepotency of transmission in the one form over the other. 
We have seen in the last chapter that one of two French 
breeds of sheep yielded up its clmraoter, when crossed with 
Merinos, very much more slowly than the other ; and the 
common German sheep referred to by Fleischmanu may bo in 
this respect analogous. In all cases there will bo more or less 
liability to reversion during many subsequent generations, 
and it is this fact which has probably led authoVs to maintain 
that a score or more of generations are requisite for one race 
to absorb another. In considering the final result of the 
commingling of two or more brce<ls, we must not forget that 

'• A* qnotsd in the ‘ True Principles of Breeding,’ bj C. H. Macknight 
uud Dr. U. Madden, lS6i. p. 11. 



© The Complete Work of Charles Darwin Online 



CHAr. XV. OF CKIFORMITY OF CHARACTER. 67 

the act of ci-ossing in itself tends to bring l)ack long-lost 
characters not proper to the immediate parent-forms. 

With respect to the influence of the conditions of life on 
any two breeds which are allowed to cross freely, unless both 
are indigenous and have long been accustomed to the country 
where they live, they will, in all probability, bo unequally 
afiected by the conditions, and this will modify the result. 
Even with indigenous breeds, it will rarely or never occur 
that both are equally well adapted to the surrounding cir- 
cumstances; more especially when permitted to roam freely, 
and not carefully tended, as is generally the case with breeds 
allowe<l to cross. As a consequence of this, natural selection 
will to a certain extent come into action, and the best fitte<l 
will survive, and this will aid in determining the ultimate 
character of the commingled body. 

IIow long a time it would require lieforc such a crossed body 
of animals would assume a unift^rm character within a limited 
area, no one can say ; that they would ultimately liecome 
uniform from free intercrossing, and from the survival of the 
fittest, wo may feel a.ssured ; but the characters thus acqtiired 
would rarely or never, as may Iw inferred from the previous 
considerations, be exactly intermediate between those of the 
two ]>arent-bree<ls. With respect to the very slight difierences 
by which the individuals of the same sulvvariety, or even of 
allied varieties, are characteriscil, it is obvious tlint free 
crossing would soon obliterate such small distinctions. Thu 
formation of new varieties, independently of selection, would 
also thus be prevented ; except when the same variation 
continually recurred from the action of some strongly pre- 
disposing cause. We may therefore conclude that free 
crossing has in sll cases played an imi>ortant part in giving 
unifonnity of character to all the memlicrs of the same 
domestic race and of the same natural s|)ecics, though largely 
governed by natural selection and by the direct action of the 
surrounding conditions. 

On the pouibilllji of all organic heinge oceationallg intercrouiug. 
— But it may bo asked, can free crossing occur with herma- 
phrodite animals and plants ? All the higher animals, and 
the few insects which have been domesticated, have separatu 



© The Complete Work of Charles Darwin Online 



68 



os ALL ORGASIC BEISOS 



Chap. XV; 



sexes, and must inevitably unite for each birth. With respect 
to the crossing of henuaphrodiU's, the subject is too large for 
the prcHsnt volume, but in the ‘ Origin of Species,' I have 
given a short abstract of the reasons which induce me to 
lieliovo that all organic beings occasionally cross, though 
perhaps in some cases only at long intervals of time.‘* I 
will merely recall the fact that many plants, though herma- 
])hrodito in structure, are unisexual in function; — such as 
those called by C. K. Sprengel dichogamomt, in which the 
pollen and stigma of the same flower are matured at dilferent 
periods ; or those called by me reciprocaUj/ diwtorpkic, in which 
the flower’s own pollen is not fitted to fertilise its own 
stigma; or again, the many kinds in which curious mechani* 
cal contrivances exist, efibctually preventing self-fertilisation. 
There are, however, many hermaphrodite plants which are not 
in any way 8i>ecially constructed to favour intercrossing, but 
which nevertheless commingle almost as freely as animals 
with separated sexes. This is the case with cablMgee, 
radishes, and onions, as I know from having experimented on 
them : oven the peasants of Liguria say that cabbages must 
be prevented “ from falling in love ” with each other. In 
the orange tribe, Gallesio remarks that the amelioration of 
the various kinds is checked by their continual and almost 
regular crossing. So it is with numerous other plants. 

On the other hand, some cultivated plants rarely or never 
intercross, for instance, the common pea and sweet-pea 
(Lalhyru* odoratiu); yet their flowers are certainly adapted 
for cross fertilisation. The varieties of the tomato and 
aubergine (Solanum) and the pimenta (Pimenla tulgaritt) 
are said '* never to cross, even when growing alongside one 
another. But it should be observed that these are all exotic 
plants, and wo do not know how they would behave in their 
native country when visited by the proper insects. With 



'* With raped to pluta, *a edmir- 
able eoajr on thU sabjed (Die OoKb- 
leehter-Vedbellnog bd dea PRauea : 
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respect to the common pea, I have ascertained that it is 
rarely cro-ssed in this country owing to premature fertilis- 
ation. There exist, however, some plants which under their 
natural conditions appear to be always self-fertilised, such as 
the Bee Ophrys (Ophrya apifera) and a few other Orchids ; 
yet these plants exhibit the plainest adaptations for cross- 
fertilisation. Again, some few plants are believed to produce 
only closed flowers, called cleistogene, which cannot possibly 
be crossed. This was long thought to be the case with the 
Leertia oryzoidea," but this grass is now known occasionally 
to produce perfect flowers, which set seed. 

Although some plants, both indigenous and naturalised, 
rarely or never produce flowers, or if they flower never 
produce seeds, yet no one doubts that phanerogamic plants 
are adapted to produce flowers, and the flowers to produce 
seed. SVhon they fail, wo believe that such plants under 
difleront conditions would perform their proper function, or 
that they formerly did so, and will do so again. On analo- 
gous grounds, I believe that the flowers in the above specifled 
anomalous cases which do not now intercross, cither would 
do so occasionally under dificrent conditions, or that they 
formerly did so — the means for affecting this being generally 
still retained — and will again intercross at some future 
period, unless indeed they become extinct. On this view 
alone, many points in the structure and action of the repro- 
ductive organs in hermaphrodite plants and animals are in- 
telligible, — fur instance, the fact of the male and female organs 
never being so completely enclosed as to render access from 
without impossibla Hence we may conclude that the most 
important of all the means for giving uniformity to the in- 
dividuals of the same species, namely, the capacity of oc- 
casionally intercrossing, is present, or has been formerly 
present, with all organic beings, except, perhaps, some of 
the lowest 

On certain Charartera not blentling. — When two breeds are crossed 
their characters usually become intimately fused together; but 



>' Daval Jouve, ‘Bull. Soc. But. utting u«d, lee Dr. Aichenon in ‘ Bot. 
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some characters refuse to Wend, and are transmitted in an un- 
modified state either from lx)th parents or from one. When grey 
and white mice are paired, the young are pieliald, or pure white or 
grey, but not of an intermediate tint: so it is when white and 
common collared turtle-doves are paired. In breeding Game fowls, 
a great authority, Mr. J. Douglas, remarks, “ I may here state a 
" strange feet : if you cross a black with a white game, you get 
“ birds of both bro^ of the clearest colour.” Sir B. Heron crossed 
during many years white, black, brown, and fewn-coloured Angora 
rabbits, and never once got these colours mingl^ in the same 
animal, but often all four colours in the same litter.** From cases like 
these, in which the colours of the two parents are transmitted miite 
separately to the oflbpring, we have all sorts of gr^tions, leading 
to complete fusion. I will give an instance; a gentleman with a 
feir complexion, light hair but dark eyes, married a lady with dark 
hair and complexion : their three children have very Ught hair, but 
on careful search about a dozen black hairs were found scatter^ in 
the midst of the light hair on the heads of all three. 

AVhen turnspit dogs and ancon sheep, l)oth of which have dwarfed 
limbs, are crossed with common breeds, the o&pring are not inter- 
mediate in structure, but take after either parent When tailless or 
hornless animals are crossed with perfect animals, it ftequently, but 
by no means invariably, liappens that the ofifepring are either 
furnished with these organs in a perfect state, or are quite destitute 
of them. According to Rengger, the hairless condition of the 
Paraguay d(^ is either perfectly or not at all transmitted to its 
mongrel offspring; but I have seen one partial exception in a d(M 
of this parentage which had part of its skin hairy, and part nak^, 
the jppts being distinctly separated as in a piebald animal. When 
Dorking fowls with five toes are crossed with other breeds, the 
chickens often have five toes on one foot and four on the other. 
Some crossetl pigs raised by Sir R. Heron between the solid-hoofed 
and common pig had not all four feet in an intermediato condition 
but two feet were furnished with properly divided, and two with 
united hoofs. 

Analogous fects have been observed with plants : Major Trevor 



*• Extract of a letter from Sir R. 
Heron, 1838, given me by Mr. Yarrell. 
With reeuect to mice, see ‘ Annal. dea 
Sc. Nat.,* tom. i. p. 180; and 1 have 
hoard of other similar caaea. For 
turtle-doves, Boitard and Corbid, * Lea 
Figeona,’ &c., p. 238. For the Game 
fowl, ‘The Poultry Book,’ 1866, p. 
128. For crosaea of taiileaa fowla, 
see Bechatein, ‘Naturgea. Beutach.’ 
b. iii. a. 403. Bronn, ‘Oeachichte 
der Natur,’ b. ii. a. 170, gives analo- 
goua facta with horsea. On the hair- 



von Paraguay,’ a. li_. 

the Zoological Gardena mongrela, 
from a similar cross, which were 
hairless, quite hairy, or hairy in 
patches, that is, piebald with hair. 
For crosses of Dorking and other 
fowls, see ‘ Poultry Chronicle,’ vol. ii. 
p. 355. About the crossed pigs, ex- 
tract of letter from Sir R. Heron to 
Mr. yarrell. For other cases, see P. 
Lucas, ‘ L'HdnSd. Nat.’ tom. i. p. 212. 
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Clarko crossed the little, glahrous-lcaved, annual stock (ilathida), 
with pollen of a large, r^-flowored, rough-leaved, biennial stock, 
called axartleau by the French, and the result was that lialf the 
seedlings had glabrous and the other half rough leaves, but none 
had leaves in an intormediatc state. That the glabrous seedlings 
were the product of the rough-leaved variety, and not accidentally 
of the mother-plant’s own jx)llen, was shown by their tall and 
strong habit of growth.” in the succeeding generations raised 
from the rough-leaved crossed seedlings, some glabrous plants 
appeared, showing tliat the glabrous eharacter, though incapable 
of blending with and modifying the rough leaves, was all the time 
latent in this family of plants. The numerous plants formerly 
referred to, which I raisM from reciprocal crosses between the 
peloric and common Antirrhinum, offer a nearly parallel case ; for 
m the first generation all the plants resembled the conunon form, 
and in the next generation, out of one hundred and thirty-seven 
plants, two alone were in an intermediate condition, tho others 
perfectly resemhling either the peloric or common form. Major 
Trevor Clarko also fertilised the above-mentioned red-fiowered 
stock with pollen from the purple Queen stock, and about half the 
seedlings scarcely differed in habit, and not at all in the red colour of 
the flower, from the mother-plant, tho other half bearing blossoms 
of a rich purple, closely like those of the paternal plant Gartner 
crossed many white and yellow- flowered species and varieties of 
Verbascum; and those colours wore never blended, but the off- 
spring bore either pure white or pure yellow blossoms; tho former 
in tho larger proportion." Dr. lferl)ert raised many seedlings, as 
he informed me, from Swedish turnips crossed by two other 
varieties, and these never produced flowers of an intermediate tint, 
but always like one of their parents. I fertilised the purple sweet- 
pea (Lat/iyriit odoratui), which has a dark reddish-pu^ile standard- 
iiotal and violet-coloured wings and keel, with pollen of the painted 
lady sweet-pea, which lias a pale cherry-coloured standard, and 
almost white wings and keel ; and from the same pod I twice 
raised plants perfectly resembling Iioth sorts; the greater numlier 
resembling the father. So perfect was the resemblance, that I 
should have thought there had been some mistake, if the plants 
which were at first identical with the paternal variety, namely, the 
painted-lady, hod not later in the season produced, as mentioned in 
a former chapter, flowers blotched and streaked with dark purple. 
I raised grandchildren and great-grandchildren from these cros^ 

S lants, and they oontinu^ to resemble the painted-lady, but 
uring later generations became rather more blotched with purple, 
yet none reverted completely to the original mother-plant, the purple 

diata tinU from aimiUr crosaas in the 
ganiu Varbascom. With respect to 
the turnips, see Herbert’s ‘ Amarylli- 
dace»,’ 1837, p. 370. 



•• ‘ Intamat Hort. and Bot. Con- 
gress of London,’ 1866. 

" ‘ Bastarderzeugung,’ s. 307. 
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swect-pca. The following case is slightly different, but still shows the 
same principle : Naudin" raised numerous hybrids between the 
yellow Linaria vulyarit and the purple L. purpurea, and during 
three successive generations the colours kept distinct in different 
parts of the same flower. 

From cases such as the foregoing, in which the offspring of the flrst 
generation perfectly resemble either j)arent, we come by a small 
step to those cases in which differently coloured flowers borne on 
the same root resemble both parents, and by another step to those 
in which the same flower or fruit is striped or blotched with 
the two parental colours, or bears a single stripe of the colour or 
other characteristic quality of one of the parent-forms. With hybrids 
and mongrels it frequently or even generally happens that one part 
of the body resembles more or less closely one parent and another 
part the other parent ; and here again some resistence to fusion, or, 
what comes to the same thing, some mutual affinity between the 
organic atoms of the same nature, apparently comes into play, for 
otherwise all parts of the body would be equally intermediate in 
character. So again, when the offspring of Vbrids or mongrels, 
which are themselves nearly intermediate in character, revert either 
wholly or by segments to their ancestors, the principle of the 
affinity of similar, or the repulsion of dissimilar atoms, must come 
into action. To this principle, which seems to be extremely general, 
wo shall recur in the chapter on pnngenesis. 

It is remarkable, as has been strongly insisted upon by Isidore 
Geoffrey St Hilaire in regard to animals, that the transmission of 
characters without fusion occurs very rarely when species are 
crossed ; I know of one exception alone, namely, with the hybrids 
naturally produced between the common and hooded crow (Curvut 
eorone and comix), which, however, are closely allied species, 
differing in nothing except colour. Nor have I met with any well- 
ascertained cases of transmission of this kind, even when one form 
is strongly prepotent over another, when two races are crossed 
which have been slowly formed by man’s selection, and therefore 
resemble to a certain extent natural species. Such cases as puppies 
in the same litter closely resmnbling two distinct breeds, are 
probably duo to superfeetation,— that is, to the influence of two 
lathers. All the characters above enumerated, which are trans- 
mitted in a perfect state to some of the offspring and not to others, 
— such as distinct colours, nakedness of sldn, smoothness of leaves, 
absence of horns or tail, additional toes, pelorism, dwarfed structure, 
dec., — liaveall been known to appear suddenly in individual animals 
and plants. From this fact, and from the several slight, aggregated 
differences which distinguish domestic races and species from one 
another, not being liable to this peculiar form of transmission, we 
may conclude that it is in some way coimected with the sudden 
appearance of the characters in question. 
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On the Modification of old Bacee and the Formation of new 
Baces by Croeting . — We have hitherto chiefly considered the 
efiects of crossing in giving uniformity of character ; wo 
must now look to an opposite result. There can be no doubt 
that crossing, with the aid of rigorous selection during 
several generations, has been a potent means in modifying 
old races, and in forming new ones. Lord Orford crossed his 
famous stud of greyhounds once with the buUdog, in order to 
give them courage and perseverance. Certain pointers have 
been crossed, as I hear from the Rev. W. D. Fox, with the 
foxhound, to give them dash and speed. Certain strains of 
Dorking fowls have had a slight infusion of Game blood ; 
and I have known a great faneier who on a single occasion 
crossed his turbit-pigeons with barbs, for the sake of gaining 
greater breadth of beak. 

In the foregoing cases breeds have been crossed once, for 
the sake of modifying some particular character ; but with 
most of the improved races of the pig, which now breed true, 
there have been repeated crosses, — for insUnce, the improved 
Essex owes its excellence to repeated crosses with the Neapo- 
litan, together probably with some infusion of Chinese blood. ” 
So with our British sheep : almost all the races, except the 
Southdown, have been largely crossed ; “ this, in fact, has 
been the history of our principal breeds.” “ To give an 
example, the “ Oxfordshire Downs ” now rank as an estab- 
lished breed.” They were produced about the year 1830 by 
crossing “ Hampshire and in some instances Southdown ewes 
with Cotswold rams : ” now the Hampshire ram was itself 
produeed by repeated crosses between the native Hampshire 
sheep and ^uthdowms ; and the long-woolle<l Cotswold were 
improvetl by crosses with the Leicester, which latter again is 
believed to have been a cross between several long-woolled 
sheep. Mr. Spooner, after considering the various cases 



“ RkhanUon, ‘ Pigs,’ 1847, pp. 37, part i!. 
42 ; S. Sidney’s edition of ‘ Yc ' ’ ' 
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which have been carefully reconled, concludes, “ that from a 
judicious pairing of cross-bred animals it is practicable to 
establish a new breed.” On the continent the history of 
several crossed races of cattle and of other animals has been 
well ascertained. To give one instance : the Kingof Wnrtem- 
burg, after twenty-five years’ careful breeding, that is, after 
six or seven generations, made a new breed of cattle from a 
cross between a Dutch and a Swiss breed, combined with other 
breeds." The Sebright bantam, which breeds as true as any 
other kind of fowl, was formed about sixty years ago by a 
complicated cross." Dark Brahmas, which are believed by 
some fanciers to constitute a distinct species, were un- 
doubtedly formed*’ in the United States, within a recent 
period, by a cross lietween Chittagongs and Cochins. With 
plants there is little doubt that the Swode-tumip originated 
from a cross ; and the history of a variety of wheat, raised 
from two very distinct varieties, and which after six years’ 
culture presented an even sample, has been recorded on good 
authority." 

Until lately, cautious and experienced breeders, though 
not averse to a single infusion of foreign blood, were al- 
most universally convinced that the attempt to establish a 
new race, intermediate between two widely distinct races, 
was hopeless : “ they clung with superstitious tenacity to the 
“ doctrine of purity of blood, believing it to be the ark in 
“ which alone true safety could be found.” *’ Nor was this 
conviction unreasonable : when two distinct races are crossed, 
the ofi'spring of the first generation are generally nearly uni- 
form in character ; but oven this sometimes fails to te the 
case, especially with crossed dogs and fowls, the young of 
which from the first are sometimes much diversified. As 
cross-bred animals are generally of large size and vigorous, 
they have been raised in great numbers for immediate con- 
sumption. But for breeding they are found utterly useless; 



” ‘ Bulletio lie la Soc. d’AccIimat.,’ 
1862, tom. ix. p. 463. Set also, for 
other cases, MM. Moll and Gajrot, 
‘ I>u B«uf,’ 1860, p. xxxii. 

» ‘Poultry Chronicle,’ rol. U,, 
1834, p. 36. 



" ‘ The Poultry Book,’ by W. B. 
Tezetmeier, 1866, p. 58. 

” ‘Gardener’s Chronicle,’ 1832, 
p. 763. 

’• Spooner, in ‘ Journal Royal Agri- 
cult. Sue.,’ vol. XX., part ii. 
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for though they may themselTcs be uniform in character, 
they yield during many generations astonishingly diversified 
offspring. The breeder is driven to despair, and concludes 
that he will never form an intermediate race. But from the 
cases already given, and from others which have been re- 
corded, it appeal's that patience alone is necessary ; as Mr. 
Spooner remarks, “ nature opposes no barrier to successful 
admixture ; in the course of time, by the aid of selection and 
careful weeding, it is practicable to establish a new breed.” 
After six or seven generations the hoped-for result will in 
most cases be obtainetl ; but even then an occasional reversion, 
or failure to keep true, may be expected. The attempt, 
however, will assuredly fail if the conditions of life be 
decidedly unfavourable to the characters of either parent- 
breed.“ 

Although the grandchildren and succeeding generations 
of cross-bixal animals are generally variable in an extreme 
degree, some curious exceptions to the rule have been observed 
both with crossed races and species. Thus Boitard and 
Corbin assort that from a Pouter and a Bunt “ a CavaUer 
will appear, which wo have classed amongst pigeons of pure 
race, because it transmits all its qnalitic.s to its posterity.” 
The editor of the ‘ Poultry Chronicle ’ “ bred some bluish 
fowls from a black Spanish cock and a Malay hen ; and these 
remained true to colour “generation after generation.” The 
Himalayan breed of rabbits was certainly formed by crossing 
two sub-varieties of the silver-grey rabbit ; although it sud- 
denly assumed its present character, which differs much from 
that of either parent-breed, yet it has ever since been easily 
and truly propagated. I crossed some Labrador and Penguin 
ducks, and recrossed the mongrels with Penguins ; afterwards 
most of the ducks reared during three generations were nearly 
uniform in character, being brown with a white crescentic 
mark on the lower part of the breast, and with some white 
spots at the base of the beak ; so that by the aid of a little 
selection a new breed might easily have been formed. With 

•• See Colic’s ‘TniiW de Phys. well treated. 

. Comp, des Animanx Domestiejnes,’ ‘ Lea Pigeons,’ p. 37. 

tom. ii. p. 536, where this subject is ” Vol. L, 1854, p. 101. 
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regard to crossed varieties of plants, Mr. Beaton remarks 
that “ Melvillo’.s extraordinary cross between the Scotch kale 
and an early cabbage is as true and genuine as an3' on record 
but in this case no doubt selection was practised. Gartner ^ 
lias given five cases of hybrids, in which the progenj- kept 
constant ; and hybrids between Dianthus armeria and delloides 
remained true and uniform to the tenth generation. Dr. 
Herbert likewise showed me a hybrid from two species of 
Loasa which from its first production had kept constant 
during several generations. 

We have seen in the first chapter, that the several kinds 
of dogs are almost certainlj' descended from more than one 
species, and so it is with cattle, pitfs and some other domesti- 
cated animals. Hence the crossing of aboriginally distinct 
species probably came into play at an early period in the 
formation of our present races. From Kfitimej-er’s observa- 
tions there can be little doubt that this occurred wnth cattle ; 
but in most cases one form will probably have absorbed and 
obliterated the other, for it is not likely that semi-civilized 
men would have taken the necessary pains to modify by 
selection their commingled, crossed, and fluctuating stock. 
Kevertheless, those animals which were best adapted to their 
conditions of life would have survived through natural 
selection ; and by this means crossing will often have in- 
directly aided in the formation of primeval domesticated 
breeds. Within recent times, as far as animals are concerned, 
the crossing of distinct species has done little or nothing to- 
wards the formation or modification of our races. It is not yet 
known whether the several species of silk-moth which have 
been recently crossed in France will yield permanent races. 
With plants which can be multiplied bj' buds and cuttings, 
hybridisation has done wonders, as with many kinds of Roses, 
Rhododendrons, Pelargoniums, Calceolarias, and Petunias. 
Nearly all these plants can be pro|)agated by seed, most of 
them freely ; but extremely few or none come true by seed. 

Some authors believe that crossing is the chief cause of 
variability, — that is, of the api)earance of absolutely new 

“ ‘ Cottage Gardener,’ 1856, p. ** ‘ Bastarderzeguog,’ o. 553. 
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characters. Some have gone so far as to look at it as the 
sole cause; but this conclusion is disproved by the facts 
given in the chapter on Bud-variation. The belief that 
characters not present in either parent or in their ancestors 
frequently originate from crossing is doubtful; that they 
occasionally do so is probable ; but this subject will be more 
conveniently discussed in a future chapter on the causes of 
Variability. 

A condensed summary of this and of the three following 
chapters, together with some remarks on Hybridism, will be 
given in the nineteenth chapter. 
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CnAPTER XVI. 

CAUSES WHICH INTERFERE WITH THE FREE CROSSING OF 
VARIETIES— INFLUENCE OF DOMESTICATION ON FERTILITY. 

DIFF7CrLTIia IN jrDGINO OF THE FEBTIUTY OF VARIETIES 'WHEN CROSSED 
— VARiors c.trsES which eeep varieties distinct, as the period 
OF bbeedi.no and sextal preference— varieties of whfjit said to 
BE sterile when CROSSED — VARIETIES OF MAIZE, VERBASCXTI, HOLLY- 
HOCK, OOCROS, MELONS, AND TOBACCO, RENDERED IN SOME DECREE 
MTTCALLT STERILE- DOMESTICATION RUMINATES THE TENOE.NCY TO 
STERILITY NATL-BAL TO SPECIES WHEN CROSSED— ON THE INCREASED 
FERTILITY OF UNCROSSED ANIMALS AND PLANTS FROM DOMESTICATION 
AND CULTIVATION. 

The domesticated races of both animals and plants, when 
crossed, are, with extremely few exceptions, quite prolific, — in 
some cases even more so tlian the purely-bred parent-races. 
The offspring, also, raised from such crosses are likewise, as 
we shall see in the following chapter, generally more vigorous 
and fertile than their parents. On the other hand, species 
when crossed, and their hybrid offspring, are almost invariably 
in some degree sterile ; and here there seems to exist a broad 
and insuperable distinction between races and species. The 
importance of this subject as bearing on the origin of species 
is obvious : and we shall hereafter recur to it. 

It is unfortunate how few precise observations have been 
made on the fertility of mongrel animals and plants during 
several successive generations. Dr. Broca ' has remarked 
that no one has ol»erved whether, for instance, mongrel dogs, 
bred inter te, are indefinitely fertile ; yet, if a shade of in- 
fertility bo detected by careful observation in the offspring of 
natural forms when crossed, it is thought that their specific 
distinction is proved. But so many breeds of sheep, cattle, 
pigs, dogs, and poultry, have been crossed and rccrossed in 
various ways, that any sterility, if it had existed, would from 
being injurious almost certainly have been observed. In 
‘ ‘Journal de Thpiolog.,’ tom. ii., 1859, p. 385. 
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investigating the fertility of crossed varieties many sources of 
doai)t occur. 'Whenever the least trace of sterility between 
two plants, however closely allied, was observed by Kblreuter, 
and more especially by Gartner, who counted the exact num- 
ber of seed in each capsule, the two forms were at once ranked 
as distinct species ; and if this rule followed, assuredly it 
will never he proved that varieties when crossed are in any 
degree sterile. AVe have formerly seen that certain breeds of 
dogs do not readily pair together ; but no observations have 
been made whether, when paired, they produce the full 
numljcr of young, and whether the latter are perfectly fertile 
inter le ; but, supposing that some degree of sterility wore 
found to exist, naturalists would simply infer that these 
breeds were descended from aboriginally distinct species ; and 
it would be scarcely possible to ascertain whether or not this 
explanation was the true one. 

The Sebright Bantam is much less prolific than any other 
broetl of fowls, and is descended from a cross between two 
very distinct breeds, recrossed by a third sul>-variety. But it 
would be extremely rash to infer that the loss of fertility was 
in any manner connected with its crossed origin, for it may 
with more proliability be attributed cither to long-continued 
close interbreetling, or to an innate tendency to sterility 
correlated with the absence of hackles and sickle tail-feathers. 

Before giving the few recorded cases of forms, which must 
be rankc<l as varieties, being in some degree sterile when 
crossed, I may remark that other causes sometimes interfere 
with varieties freely intercrossing. Thus they may differ too 
greatly in size, as with some kinds of dogs and fowls : for 
instance, the editor of the ‘ Journal of Horticulture, &c.,’ * 
says that he can keep Bantams with the larger breeds without 
much danger of their crossing, but not with the smaller 
breeds, such as Games, Hainburgs, &c. AVith plants a 
difference in the periotl of flowering servos to keep varieties 
distinct, as with the various kinds of maize and wheat : thus 
Colonel Le Couteur’ remarks, “the Talavera wheat, from 
flowering much earlier than any other kind, is sure to 

• Dec. 1863, p, 484. • On ‘The Varietiei of Whe«t,' p. 66. 
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continue pure.” In different parts of the Falkland Islands 
the cattle are breaking up into herds of different colouis; 
and those on the higher ground, which are generally white, 
usually breed, as I am informed by Sir J. Sulivan, three 
months earlier than those on the lowland ; and this would 
manifestly tend to keep the herds from blending. 

Certain domestic races seem to prefer breerling with their 
own kind ; and this is a fact of some importance, for it is a step 
towards that instinctive feeling which helps to keep closely 
allied species in a state of nature distinct. We have now 
abundant evidence that, if it were not for this feeling, many 
more hybrids would be naturally produced than in this case. 
We have seen in the first chapter that the alco dog of Mexiai 
dislikes dogs of other breeds ; and the hairless dog of 
Paraguay mixes less readily with the European races, than 
the latter do with each other. In Germany the female Spitz- 
dog is said to receive the fox more readily than will other 
dogs; a female Australian Dingo in England attracted the 
wild male foxes. But these dift’erences in the sexual instinct 
and attractive power of the various breeds may be wholly 
duo to their descent from distinct species. In Paraguay the 
horses have much freedom, and an excellent observer ‘ believes 
that the native horses of the same colour and size prefer 
associating with each other, and that the horses which have 
been impi>rtcd from Entre Bios and Banda Oriental into 
Paraguay likewise prefer associating together. In Circassia 
six sub-races of the horse have received distinct names; and 
a native proprietor of rank® asserts that horses of three of 
these races, whilst living a free life, almost always refuse to 
mingle and cross, and will even attack one another. 

It has been observed, in a district stocked with heavj- 
Lincolnshire and light Norfolk sheep, that both kinds, though 
bred together, when turned out, “ in a short time separate to 
a sheep ; ” the Lincolnshires drawing off to the rich soil, and 
the Norfolks to their own dry light soil ; and as long as there 
is plenty of grass, “the two breeds keep themselves as 

* Rngger, ‘ SaugethicM von P»ni- and De Qnatrefagea, in ‘ Ball. Soc. 
gnajr,' a. 336. d’Acclimat.,’ tom. viii., July, 1861, 

' a memoir by MM. Lberbette p. 312. 
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distinct as rooks and pigeons.” In this case different habits 
of life tend to keep the races distinct. On one of the Faroe 
islands, not more than half a mile in diameter, the half-wild 
native black sheep are said not have readily mixed with the 
imiKirted white ^eep. It is a more carious fact that the 
semi-monstrous ancon sheep of modem origin “have been 
observed to keep together, se[>arating themselves from the 
rest of the flock, when put into enclosures with other sheep.”* 
With rce]X!Ct to fallow-deer, which live in a semi-domesti- 
cated condition, Mr. Bennett ’ states that the dark and pale 
coloured herds, which have long boon kept together in the 
Forest of Dean, in High Meadow Woods, and in the New 
Forest, have never been known to mingle : the dark-coloured 
deer, it may bo added, are believed to have been first brought 
by James I. from Norway, on account of their greater 
hardiness. I imported from the island of Porto Santo two of 
the feral rabbits, which differ, as described in the fourth 
chapter, from common rabbits; both proved to bo males, 
and, though they lived during some years in the Zoological 
Gardens, the suiwrintendent, Mr. Bartlett, in vain endea- 
voured to make them breed with various tame kinds ; but 
whether this refusal to breed was due to any change in the 
instinct, or simply to their extreme wildness, or whether 
confinement had rendered them sterile, as often occurs, cannot 
bo determined. 

Whilst matching for the sake of experiment many of the 
most distinct breeds of pigeons, it frequently appeared to 
me that the birds, though faithful to their marriage vow, 
rotaininl some desire after their own kind. Accordingly I 
asked Mr. Wicking, who has kept a larger stock of various 
breeds together than any man in England, whether ho thought 
that they would prefer pairing with their own kind, suppos- 
ing that there were males and females enough of each ; and 
he without hesitation answered that ho was convinced that 



* For th* Norfolk ibocp, tee Mar- 
tball't ‘Rural Econinijr of Norfolk,' 
Tol. IL p. 138. See Rev. L. Undfa 
‘ Haacriptioo of Faroe,’ p. 66. For 
Uw aacoD iheep, ete ‘ PhU. TraoaacU,’ 
1813, p. 90. 

VOL. II. 



' While’a ‘ Nat. HUt. of Srlboums,’ 
edited bjr Bennett, p. 39. With reipeet 
to the origin of the dark-coloured 
deer, tee ‘Some Account of Enitliah 
Ileer Park.,’ by E. P. Shirley, Emj. 
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this was the case. It has often been noticed that the 
dovecot pigeon seems to have an actual aversion towards the 
several fancy breeds ; • yet all have certainly sprung from a 
common progenitor. The Rev. IV. I). Fox informs mo that 
his flocks of white and common Chinese geese kept distinct. 

These facts and statements, though some of them are 
incapable of proof, resting only on the opinion of experienced 
observers, show that some domestic races are led by different 
habits of life to keep to a certain extent separate, and that 
others prefer coupling with their own kind, in the same 
manner as species in a state of nature, though in a much less 
degree. 

With respect to sterility from the crossing of domestic races, I 
know of no well-ascertained case with animals. This fact, seeing 
the great diflerenoe in structure U-twoen sonre breeds of pigeons, 
fowls, pigs, dogs, <Src., is exiraordina^, in contrast with the sterility 
of many closely allied natural species when crossed ; but we shall 
hereafter attempt to allow that it is not so cxtraonlinary as it at 
first appears. And it may be well here to recall to mind that the 
amount of external difference between two species is not a safe guide 
for predicting whether or not they will breed together,— some 
closely allied species when crossed lining utterly sterile, and others 
which arc extremely unlike being moderately fertile. I have said 
that no case of sterility in croeswi races rests on satisfactory evi- 
dence; but here is one which at first seems trustworthy. Mr. 
Yonatt,* and a better authority cannot be quoted, states, that 
formerly in Lancashire crosses were frequently made between 
longhorn and shorthorn cattle ; the first cross was excellent, but 
the produce was uncertain ; in the third or fourth generation the 
cows were bad milkers; “in addition to wliich, there was much 
uncertainty whether the cows would conceive ; and full one-third 
of the cows among some of these half-breds failed to be in calf.” 
This at first seems a gr^ case : bat Mr. Wilkinson states,'* that a 
breed derived from this same cross was actually established in 
another part of Kngland ; and if it had failed in fertility, the fact 
would surely liavo been noticed. Moreover, supposing tliat Mr. 
Youatt liad proved his case, it might bo argued that the sterility 
was wholly due to the two parent-breeds being descended from 
primordially distinct species. 

In the case of plants Gartner states that he fertilised thirteen 
heads (and subsequently nine others) on a dwarf maize bearing 



• ‘ The Dorecole,’ by the Rer. E. 8. 
Diion, p. 155; Bechstein, • Siilur- 
gesch. Deuticblsods,’ Bsail iv., 1705, 
.. 17. 



• • Cettle,' p. 202. 

*• Mr. J. Wilkineoo, in ‘ Remark* 
addresMMi to Sir J Sebright,” 1820, 
p. 38. 
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yellow need " with pollen of a tall maize having ml seed ; and oi 
head alone produce<I good seed, but only five in number. Tliouf 
these plants arc monoecious, and therefore do not require castratio 
yet I should have suspected some accident in the manipulation, hi 
not Gartner expressly stated that he bad during many years gro» 
these two varieties together, and they did not spontaneously eros , 
ami this, considering that the plants are muncecions and alonnd 
with pollen, and are well known generally to cross freely, seems 
explicable only on the belief that these two v« ‘ ‘ ' 
degree mutually infertile. The hybrid plants r« 

five seeds were intermediate in structure, extr , 

perfectly fertile.“ In like manner Prof. Hildebrand “ could not 
succeed in fertilising the female flowers of a plant bearing brown 
grains with pollen from a certain kind bearing yellow grains; 
although other flowers on the same plant, which were fertilised 
with their own pollen, yielded good seed. No one, I believe, even 
le varieties of maize ore distinct species ; but had 
the least sterile, no doubt Gartner would at 
them. I may hero remark, tlmt with undoubted 
. t necessarily any close relation between the 

sterility of a first cross and that of the hybrid offspring. Some 
species can Iw crossed with facility, but produce utterly sterile 
hybrids; others can be crossed with extreme difficulty, but the 
hybrids when produced are moderately fertile. I am not aware, 
however, of any instance quite like this of the maize, namely, of a 
first cross made with difficulty, but yielding perfectly fertile hybrids.” 
The fulloaring case is much more remaraable, and evidently per- 
plexed Gartner, whose strong wish it was to draw a broad line of 
distinction between species ai^ varieties. In the genus Verbasenm, 
he made, during eighteen years, a vast number of experiments, and 
crossed no less than 1085 flowers and counted their seeds. Many 
of these experiments consisted in crossing white and yellow varieties 
of both V. lychnith and V. Uattaria with nine other species and 
their hybrids That the white and yellow flowenxl plants of thes<' 
two species are really varieties, no one has doubted ; and Gartner 
actually raised in the case of both species one variety from the seed of 
the other. Now in two of his works ” he distinctly asserts that crosses 
between similarly-coloured flowers yield more seed tlmn lietwceii 
dissimilarly-coloured; so that the yellow- flowered variety of either 
species (and conversely with the whitc-flowerad variety), when 
crossed with pollen of its own kind, yields more seed than when 
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crossed with that of the white Tariety ; and so it is when differently 
coloured species are crossed. The general results may be seen in the 
Table at the end of his volume. In one instance he gives '* the 
following details; but I must premise that Gartner, to avoid ex- 
aggerating the degree of sterility in his crosses, always compares the 
maximum number obtained from a cross with the average number 
naturally given by the pure mother-plant. The white variety of 
V. Igchnitie, naturally fertilised by its own pollen, gave from an 
average of twelve wpsules ninety-six good seeds in each; whilst 
twenty flowers iertilisM with pollen from the yellow variety of this 
same species, gave as the maximum only eighty-nine good seeds ; so 
tlmt we have the proiiortion of 1000 to 908, according to Gartner's 
usual scale. I should have thought it possible that so small a difference 
in fertility might have been accounte<l for by the evil effects of the 
necessary castration ; but Gartner shows that the white variety of V. 
Igchnitie, when fertilised first by tlie white variety of V. bitttarui, and 
then by the yellow variety of this species, yielded seed in the propor- 
tion of 622 to 438; and in both tliese cases castration was performed. 
Now the sterility which results from the crossing of the differently 
coloured varieties of the same spmies, is fully as great as that whi^ 
occurs in many cases when distinct species are crossed Unfortu- 
nately Gartner compared the results of the first um'ons alone, and 
not the sterility of the two sets of hybrids produced from the white 
variety of V. Igchnitie when fertilise<l by the white and yellow 
varieties of V. blattaria, for it is probable that they would have 
differed in this respect. 

Mr. J. Scott has given mo the results of a series of experiments on 
Verboscum, made by him in the Botanic Gardens of Edinbuigh.” He 
repeated some of Gartner’s experiments on distinct species, but 
obtained only fluctuating results, some confirmatory, the gp^tcr 
number contradictory; nevertheless these seem hardly sufficient to 
overthrow the conclusion arrived at by Gartner from experiments 
tried on a larger scale. Mr. Scott also experimented on the relative 
fertility of unions between similarly and dissimilarly-coloured 
varieties of the same species. Thus he fertilised six flowers of the 
yellow variety of V. Igchnitie by its own pollen, and obtained six 
capsules; and calling, for the sake of comparison, the average 
number of good seed in each of their capsules one hundred, ho found 
that tliis same yellow variety, when fertilised by the white variety, 
yielded from seven capsules an average of ninety-four se^. On the 
same principle, the white variety of V. Igchnitie by its own pollen 
(from six capsules), and by the pollen of the yellow variety (eight 
capsules), yielded s^ in the proportion of lUO to 82. The yellow 
variety of V. thapeue by its own pollen (eight capsules), and by 
that of the white variety (only two capstiles), yielded seed in the 
proportion of 100 to 94. Lastly, the white variety of V. blattaria 



'• ‘Baitarderzenjrung,’>. 216. « published in ‘Journ. Asiatic Soc. of 
" The resuIU hove since been Bengal,’ 1867, p. 145. 
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by that of the yellow variety 
portion of 100 to 79. So that 
ly-coloured varieties of the same 
the unions of dissiniilarly-cnioured 
(rroiii^ together, the difference of 

additional trials were made, and 

altoTCt'her thirty-six similarly-colonred unions yieldc<l thirty-five 
good capsules ; whilst thirty-five dissimilarly-coloured unions yielded 
only twenty-six good capsules. Besides the foregoing ex])erimentB, 






was crossed by a rose-coloured and a white 
same species; these t«o varieties were also crossed 
these several unions yielded less se^ than V. phcf 
pollen. Hence it follows from Mr. Scott's experi- 
genus Verboscum the shnif ' ’ ” ' ’ ' 

but distinct species^ 



rare occnrrencc ; fur the subject has not licen attended to by others. 
The following case is worth giving, partly to show how difficult it 
is to avoid error. Dr. Herliert" has remarked that variously- 
coloured double varieties of the Hollyhock {AUhta rotta) may bo 
isfd with certainty by seed from plants growing close together. 

■’ ‘se seed for sale do 

d seed of eighteen 
•oduced sixty-two 
a produced forty- 
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Canterbury liaa (jivon me a more atrikini; case ; he saved seed from 
a l)cd of twenty-four named varieties planted in closely ad- 
joininR rows, and each variety rcproduce<l itself truly with only 
sometimes a shade of difference in tint. Now in the hollyhock the 
pollen, which is abundant, is matured and nearly all shed before 
the stiRina of the same flower is ready to receive it ; ” and as beM 
covered with jiollcn incessantly fly from plant to plant, it would 
apixiar that ailnining varieties could not escape being crossed. As, 
however, this does not occur, it appeared to me prolmble that the 
jiollcn of each variety was prepotent on its own stigma over that of 
all other varieties, but I have no evidence on this point Mr. C. 
Turner of Slough, well known for his success in the cultivation of 
this plant, informs me that it is the doublencss of the flowers which 
prevents the bees gaining access to the pollen and stigma ; and he 
finds that it is difficult even to cross them artificially. Whether 
this explanation will fully account for varieties in close proximity 
propagating themsolvos so truly by seed, I do not know. 

The following cases are worth giving, as they relate to monoecious 
forms, which do not require, and conscqnently cannot have been 
injured by, castration. Girou de Buxareingucs crossed what he 
designates three varieties of gourd." and asserts that their mutual 
fertilisation is less easy in proportion to the diflerence which they 
present. I am aware how im]ierfectly the forms in this (rronp were 
until recently known ; but Sagerct," who ranked them according to 
their mutual fertility, considers the three forms above alluded to ns 
varieties, as does a far higher authority, namely, M. Naudin.” 
Sageret" has olwerved that certain melons have a greater tendency, 
whatever the cause may bo, to keep true than others : and 5L Naudin, 
who has had such immense experience in this group, informs me 
that he believes that certain varieties intercross more readily than 
others of the same species ; but ho has not proved the truth of this 
conclusion ; the frequent almrtion of the pollen near Paris being 
one great difficulty. Nevertheless, ho has grown close together, 
during seven years, certain forms of Citnillus, which, ns they 
could bo artificially crossed with perfect facility and produced 
fertile offspring, arc ranked as varieties; but these forms when not 
artificially erwsed kept true. Many other varieties, on the other 
hand, in the same group cross with such facility, as M. Naudin 
repeatedly insists, that without being grown far ai«rt they cannot 
be kept in the least true. 

Another case, though somewhat different, may bo here given, as 



*• Koirrnter fint observeil thi* fiict, 
* M^m. de I’Acsd. d« St. Petcribarg,' 
vol. Hi. p. 127. Sn aU C K. 
Sprvngcl, * lAu Entdcckte Gcheimnus,’ 
a. 345. 

Namely, Barbarines, Paatiasona, 
Giraunions; ‘Annal. dea Sc. Nat.’ 
turn. »«., 1833, pp. 398 and 405. 



" ‘ Memoir* anr lee Cacnrbitacec,’ 
1826, pp. 46, 55. 

•' ‘Annalea dea Sc. Nat.,’ 4th 
acrica, tom. vt M. Naudio considers 
thcao forma aa undoubtedly varietiea 
of Canrhit i prpo. 

’• ‘ ilem. Cuenrb.,’ p. 8. 
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; is highly remarkable, 

:olreuter minutely dosci 

’hich were reciprocally crossed, and the offspring were intermediate 
character ana as fertile as their parents : from this fact Koircuter 
ferred tliat they are really varieties ; and no one, as far as I con 
BcoTcr, seems to have doubted that such is the case. He also 
’ sciprocally these five varieties with N. glatinom, and they 
ry sterile hybrids; but those raised from the var.pt 
ised ns the father or mother plant, were not so sh 
■ ieties.« So that the 

ainly been in some 



whicl 
in chi 
inferred 
discover, 

yielded very 
whether 



the hybrids from the four other 
capacity of this one varie 
modifie<l, so as to approach 



perennitf 
sterile as 
sexual 



These facts with respect to plants show that in some few 
cases certain varieties have had their sexual powers so far 
modified, that they cross together less readily and yield less 
seed than other varieties of the same species. We shall- 
presently see that the sexual functions of most animals and 




of Proc. of Uon. Soc.,’ vol. vlii., 1864, 

iSliiil 

fertile in a high degree. 
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briefly discuss the conjoint bearing of this fact, and otbers, 
on the difference in fertility between crossed varieties and 
crossed species. 

Domettication elimtnalet the tendency to Sterility which U general 
with Speeiee when crotted. 

This hypothesis was first propounded by Pallas,’" and has 
lieen ado]itcd by several authors. I can find hardly any 
direct facts in its support; but unfortunately no one has 
compared, in the case of either animals or plants, the fertility 
of anciently domesticated varieties, when crossed with a 
distinct species, with that of the wild parent species when 
similarly crossed. No one has compared, for instance, the 
fertility of Gallut bankica and of tho domesticated fowl, when 
crossed with a distinct species of Gallus or Phasiaiius ; and 
the experiment would in all cases be surrounded by many 
difficulties. Dureau de la Malle, who has so closely studied 
olassi(»l literature, states’* that in tjio time of the Romans 
the common mule was produced with more difficulty than at 
the present day ; but whether this statement may be tnistcd 
I know not. A much more important, though somewhat dif- 
ferent, case is given by M. Groenland,” namely, that plants, 
known from their intermediate character and sterility to 
be hybrids between iEgilops and wheat, have perpetuated 
themselves under culture since 1857, with a rapid hut varying 
increase of fertility in each generation. In tho fourth generation 
tho plants, still retaining their intermediate character, had 
become as fertile as common cultivated wheat. 

Tho indirect evidence in favour of the Pallasian doctrine 
appears to mo to be extremely strong. In the earlier chapters 
I have shown that our various breeds of the dog are descended 
from several wild species ; and this probably is the case ■with 
sheep. There can be no doubt that the Zebu or humped 
Indian ox belongs to a distinct species from Kuropean cattle : 
the latter, moreover, are descended from two forms, which 
may bo called either species or races. We have good evidence 

” ‘ Act. Ac»A St. Petersburg,’ (let eeries), p. 61. 

1780, part ii. pp. 84, 100. “ ‘ Bull. Hot. Soc. de France,’ Dec. 

” ‘Annalee dee Sc. Nat.' tom. xii. 27th, 1861, tom. rili. p. 612. 
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that onr domesticated pigs belong to at least two specifio 
types, S. trrofa and indicut. Now a widely extended analogy 
leads to the belief that if these several allied species, when 
first reclaimed, had been crossed, they would have exhibited, 
both in their first unions and in their ^hybrid offspring, some 
degree of sterility. Nevertheless, the several domesticated 
races descended from them are now all, as far as can be 
ascertaine<l, perfectly fertile together. If this reasoning be 
trustworthy, and it is apparently sound, we must admit the 
Pallasian doctrine that long-continued domestication tends 
to eliminate that sterility which is natural to species when 
crossed in their aboriginal state. 

On increated Fertility from Domettication and Cultivation. 

Increased fertility from domestication, without any refer- 
ence to crossing, may be hero briefly considered. This subject 
bears indirectly on two or three points connected with the 
modification of organic beings. As Bufiun long ago re- 
marked,®' domestic animals breed oftener in the year and 
produce more young at a birth than wild animals of the same 
species ; they, also, sometimes breed at an earlier ago. The 
case would hardly have deserved further notice, had not 
some authors lately attemptetl to show that fertility increases 
and decreases in an inverse ratio with the amount of food. 
This strange doctrine has apparently arisen from individual 
animals when supplied with an inordinate quantity of food, 
and from plants of many kinds when grown on excessively 
rich soil, as on a dunghill, becoming sterile; but to this 
latter point I shall have occasion presently to return. With 
hardly an exception, onr domesticated animals, which have 
been long habituated to a regular and copious supply of food, 
without the labour of searching for it, are more fertile than 
the corresponding wild animals. It is notorious how fre- 
quently cats and dogs breed, and how many young they 
produce at a birth. The wild rabbit is said generally to 

•' Qaot«l by I»kl. Oeoflrny St. the present subject has appeared in 
Hilaire, ‘ Hist Natnrelle Gendrale,’ Mr. Herbert Spencer’s ‘ Principles of 
tom. iit p. 476. Since this MS. has Biology,’ Tol. 1867, p. 457 et teq. 
been sent to press a full discussion on 
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breed four times yearly, and to produce each time at most 
six young ; the tame rabbit breeds six or seven times yearly, 
producing each time from four to eleven young ; and 
Mr. Harrison Weir tells me of a case of eighteen young 
having been produced at a birth, all of which survived. 
The ferret, though generally so closely confined, is more 
prolific than its suppoi'od wild prototype. The wild sow is 
remarkably prolific ; she often breeds twice in the year, and 
bears from four to eight and sometimes even twelve young ; 
but the domestic sow regularly breeds twice a year, and would 
breed oftener if ]>ermitted ; and a sow that produces loss than 
eight at a birth “ is worth little, and the sooner she is fattened 
. for the butcher the better.” The amount of food affects the 
fertility of the same individual : thus sheep, which on moun- 
tains never pro<luco more than one lamb at a birth, when 
brought down to lowland pastures frequently bear twins. 
This difference apparently is not due to the cold of the higher 
land, for hheep and other domestic animals are said to be ex- 
tremely prolific in Lapland. Hard living, also, retards the 
period at which animals conceive ; for it has been found dis- 
advantageous in the northern islands of Scotland to allow 
cows to bear calves before they are four years old.” 

Birds offer still bettor evidence of increased fertility from domesti- 
cation: the hen of the wild dalltu b-wkiva lays from six to ten 
eggs, a number which would bo thought nothing of with the 
domestic ben. The wild duck lays from five to ten eggs ; the tame 
one in the course of the year from eighty to one hundr^. The wild 
groy-lag goose lays from five to eight ^gs; the tame from thirteen 
to eighteen, and she lays a second time ; as Mr. Dixon has remarked, 
“ high-feeding, care, and moderate warmth induce a habit of proli- 
ficacy which IxjcomcR in some measure hereditaiy.” Whether the 
semi-domesticated dovecot pigeon is more fertile than the wild 
rock-pigeon, C.lieia, I know not ; hut the more thoroughly domesti- 



” For caU and dogs, &r., aw Bcl- 
liogni, in ‘Annal. des 8«. Nat.,’ 2nd 
scries, Zonlog.. tom. »ii. p. 155. For 
ferretis Beebstein. ‘ Natorgeschichte 
Dcutscblands,’ Band i., ISut, s. 786, 
795. For rabbiU, ditto, s. 1 123, 1 131 ; 
and Bronn’s ‘Gesebiebte der Natur.,’ 
B. iu a. 99. For monnuin sbeep, 
ditto, a. 102. For tbe fertility of the 



wild sow, aw Bcchstein’a ‘ Natnrgeach. 
DeutschlaniU,’ B. i., 1801, v 534; for 
the domestic pig, Sidney’s edit, of 
Youatt on the Pig, 1860, p. 62. With 
respect to Lapland, aw Acerbi’s 
‘Travels to the North Cape,’ Eng. 
translat., vol. ii. p. 222. About the 
Highland cows, aw Hogg on Sheep, 
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cated breeds are nearly twieo as fertile as dorecots: the latter, 
however, when caged and highly fed, become equally fertile with 
bouse pigeons. 1 hear from Judge Cnton that the wild turkey in 
the United States does not breed when a year old, as the domesti* 
cated turkeys there invariably do. The peahen alone of domesti- 
cated birds is rather more fertile, according to some accounts, when 
wild in its native Indian home, than in Europe when exposed to our 
much colder climate.” 

With respect to plants, no one would expect wheat to tiller more, 
and each car to prMuce more grain, in poor than in rich soil ; or to 
get in |xxir soil a heavy crop of peas or beans. Seeds vary so much 
in number tliat it is difficult to estimate them ; but on comparing 
beds of carrots in a nursery garden with wild plants, the former 
seemed to produce about twice as much seed. Cultivated cabbages 
yielded thrice as many pods by measure as wild cabliages from the 
rocks of South Wales. The excess of berries produced by the culti- 
vated asparagus in comparison with the wild plant is enormous. 
No doubt many highly cultivateil plants, such as pears, pineapples, 
bananas, sugar-cane, &c., are nearly or quite sterile; and I am 
inclined to attribute this sterility to excess of food and to other 
unnatural conditions; but to this subject I shall recur. 



In some cases, as with the pig, rabbit, <Sec., and with those 
]>Iants which are valued for their seed, the direct selection of 
the more fertile individuals has proliahly much increased 
their fertility; and in all cases this may have occurred inJ 
directly, frtnn the l)etter chance of some of the nuraerons 
offspring from the more fertile individuals having been pre- 
server!. But with cats, ferrets, and dogs, and with plants 
like carrots, cabbages, and asparagus, which are not valued 
for their prolificacy, selection can have played only a sub- 
ordinate part ; and their increased fertility mnst be attributed 
to the more favourable conditions of life under which they 
have long existed. 



” For the egg< of Qallut Ixmiivn, 
•M Blvth, in ‘AddaU anil Mag. of 
Sat. Hist..’ 2ml series, vol. i., 18+8, 

£ 438. For will! anil tame dueks, 
acgillirray, • British Birds,’ vol. v. 
p. 37; and ’ Die Knten,’ s. 87. For 
wild Kvoa. b. Uovd, ‘ Scandinavian 
Adventures,' vol. ii. 18.34, 1*. 413; 
and for tame geeee, ‘ Ornamental 
Fonltry,’ by Kev. E. S. Diion, p. 139. 
On the breeding of Pigeons, Pistor, 
‘ Das Game der Tanbenzncht,’ 1831, 
a. 48 ; and Boitard and Corbie, ‘ Lea 



Pigeons,’ p. 1.38. With respect to 
pem-ocks, according to Torominck 
(‘Hist. Nut. Gen. das Pigeons,’ tic., 
1813, tom. ii. p. 41), the hen lays in 
India even as many as twenty eggs; 
but according to Jerdon and another 
writer (quoted in Tegetmeier’a 
‘ Poultry Book,’ 1868, pp. 280. 282X 

or Un eggs: in England she is said, 
in the ‘ Poultry Book,’ to lay five or 
six, but another writer says from 
eight to twelve eggs. 
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CHAPTER XVII. 

ON THE GOOD EFFECTS OP CROSSING, AND OX THE EVIL EFFECTS 
OF CLOSE I.NTERBREEDIXG. 

Dmxrnox or clo«b nrrcsBBECDuco^Ai'OJiEXTATiox op morbid tex- 

DKSaiSB — GEXKRAL BVIDEXCE OP THE GOOD EPPI9CT8 DEBITED PROM 

CATTLE, CL06ELT lltTERDRED ; HALF-WILD CATTLE LONO KEPT IN THE 
SAME PARKS — SHEEP-^ALLOW-DESR^DOQS, BABBITS, PIGS — MAN, ORIGIN 
OP HIS ABHORRENCE OF INCBSTTOCS MARBIAOEB — FOWLS — PIGEONS — HIVE- 
BEES— PLANTS, GENERAL CONSIDERATIONS ON THE BENEFITS DEBITED FROM 
CROSSING — MELONS, FRUIT-TREES, PEAS, CABBAGES, WHEAT. AND FOREST- 
TREES— ON THE INCREASED SIZE OF HYBRID PIANT8, NOT EXCLUSIVELY 
DUE TO THEIR STERILITY— ON CERTAIN PLANTS WHICH EITHER NOR- 
MALLY OR ABNORMALLY ARE SELF-IMIOTENT, BUT ARE FERTILE, BOTH 
ON THE MALE AND FEMALE SIDE, WHEN CROSSED WITH DISTINCT INDI- 
VIDUAIA EITHER OF THE SAME OB ANOTHER SPECIES— CONCLUSION. 

The gain in constitutional vigour, derived from an occasional 
cross between individuals of the same variety, but belonging 
to distinct families, or between distinct varietia<, has not 
been so largely or so frequently discusscnl, as have the evil 
effects of too close interbreeding. But the former point is 
the more important of the two, inasmuch as the evidence is 
more decisive. The evil results from close interbreeding are 
difficult to detect, for they accumulate slowly, and differ 
much in degree with different species . whilst the good effects 
which almost invariably follow a cross are from the first 
manifest. It should, however, lie clearly undcrstoo<l that the 
advantage of close interbreeding, as far as the retention of 
character is concerned, is indisputable, and often outweighs 
the evil of a slight loss of constitutional vigour. In relation 
to the subject of domestication, the whole question is of some 
importance, as too close interbreeding interferes with the 
improvement of old races. It is important as indirectly 
hearing on Hybridism ; and possibly on the extinction of 
species, when any form has become so rare that only a few 
individuals remain within a confined area. It hears in an 
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important manner on the influence of free intercrossing, in 
obliterating individual difierences, and thus giving uniformity 
of character to the individuals of the same race or species ; for 
if additional vigour and fertility he thus gained, the crossed 
offspring will multiply and prevail, and the ultimate result 
will be far greater than otherwise would have occurred. Lastly, 
the question is of high interest, as bearing on mankind. I shall 
therefore discuss this subject at full length. As the facts which 
prove the evil effects of close interbreeding are more copious, 
though less decisive, than those on the gootl effects of crossing, 
I shall, under each group of beings, begin with the former. 
There is no difliculty in defining what is meant by a cross ; 
but this is by no means easy in regard to “ breeding in and 
in ” or “ too close interbreeding,” because, as we shall see, 
different species of animals are differently affected by the 
same degree of interbreeding. The pairing of a father and 
daughter, or mother and son, or brothers and sisters, if carried 
on during several generations, is the closest possible form of 
interbreeding. But some good judges, for instance Sir J. 
Sebright, believe that the pairing of a brother and sister is 
much closer than that of parents and children ; for when the 
father is matched ndth his daughter ho crosses, as is said, 
with only half his own blood. The consequences of close 
interbreeding carried on for too long a time, are, as is generally 
believed, loss of size, constitutional vigour, and fertility, 
sometimes accompanied by a tendency to malformation. 
Manifest evil does not usually follow from pairing the nearest 
relations for two, three, or even four generations ; but several 
causes interfere with our detecting the evil — such as the 
deterioration being very gradual, and the diflSculty of dis- 
tinguishing between such direct evil and the inevitable 
augmentation of any morbid tendencies which may be latent 
or ap|iarcnt in the related parents. On the other hand, the 
benefit from a cross, even when there has not been any very 
close interbreeding, is almost invariably at once conspicuous. 
There is good reason to believe, and this was the opinion of 
that most experienced observer Sir J. Sebright,* that the evil 

• ‘The Art of Improving the Breed, ic.,’ 1809, p. 16. 
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■ offocts of close interbreeding may be checked or quite pre- 
vented by the related individuals being separatoil for a few 
generations and exposed to different conditions of life. This 
concliuion is now held by many breeders ; for instance ^Ir. 
Carr ’ remarks, it is a well-known “ fact that a change of soil 
and climate effects perhaps almost us great a change in the 
constitution as would result from an infusion of fresh blood." 
I hope to show in a future work that consanguinity by itself 
counts for nothing, but acts solely from related organisms gene- 
rally having a similar constitution, and having been exposed 
in most cases to similar conditions. 

That any evil directly follows from the closest interbreeding 
has been denied by many persons ; but rarely by any practical 
brooder ; and never, as fur as I know, by one who has largely 
bred animals which propagate their kind quickly. Many 
physiologists attribute the evil exclusively to the combination 
and consequent increase of morbid tendencies common to both 
parents ; and that this is an active source of mischief there 
can bo no doubt. It is unfortunately too notorious that men 
and various domestic animals endowed with a wretched 
constitution, and with a strong hereditary disposition to 
disease, if not actually ill, are fully capable of procreating 
their kind. Close interbreeding, on the other hand, often 
induces sterility ; and this indicates something quite distinct 
from the augmentation of morbid tendencies common to both 
. parents. The evidence immediately to be given convinces me 
that it is a great law of nature, that all organic beings profit 
from an occasional cross with individuals not closely related 
to them in blood ; and that, on the other hand, long-continued 
close interbreeding is injurious. 

Various general considerations have had much influence in 
leading me to this conclusion ; but the reader will probably 
rely more on special facts and opinions. The authority of 
ex])erienced observers, even when they do not advance the 
grounds of their belief, is of some little value. Kow almost 
all men who have bred many kinds of animals and have 
written on the subject, such as Sir J. Sebrigbt, Andrew 

• ‘Th« Historv of the Rise aod Progreu of the Killerby, &c. Herd*,’ p. 41. 
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Knight, &C.,’ have oxprosBcd the strongest conviction on the 
impossiliility of long-continuo<l close interbreeding. Those 
who have compiled works on agriculture, and have associated 
much with breeders, such as the sagacious Youatt, Low, dec., 
have strongly declared their opinion to the same effect. 
Prosper Lucas, trusting largely to French authorities, has 
come to a similar conclusion. The distinguished German 
agriculturist Hermann von Nathusiiui, who has written the 
most able treatise on this subject which I have met with, 
concurs ; and as I shall have to qnote from this treatise, I 
may state that Kathusius is not only intimately acipiainted 
with works on agriculture in all languages, and knows the 
pedigrees of our British breeds better than most Englishmen, 
but has imported many of our improved animals, and is him- 
self an ex|)criunced breeder. 

Evidence of the evil effects of close interbnxxling can most 
readily bo acquired in the case of animals, such as fowls, 
pigeons, &c., which propagate quickly, and, from being kept 
in the same jdace, are expoec<l to the same conditions. Now 
I have inquired of very many breeders of these birds, and I 
hate hitherto not met with a single man who was not 
thoroughly convinced that an occasional cross with another 
strain of the same sub-variety was absolutely necessary. 
Most breeders of highly improved or fancy birds value their 
own strain, and are most unwilling, at the risk, in their 
opinion, of deterioration, to make a cross. The purchase of a 
first-rate bird of another strain is exjMjnsive, and exchanges 
are troublesome ; yet all breeders, as far as I can hear, ex- 
cepting those who keep largo stocks at different places for 
the sake of crossing, are driven after a time to take this step. 

Another general consideration which has had great influence 
on my mind is, that with all hermaphrodite animals and 
plants, which it might have boon thought would have per- 
petually fertilised themselves and been thus subjected for long 
ages to the closest interbreeding, there is not a single species, 
as far as I can discover, in which the structure ensures self- 
fertilisation. On the contrary, there are in a multitude of 

• For Andrew Knighi, tee A. 227. Sir J. Sebright’* Tre»tuw hn> 
Walker, on • Intermarriage,' 18S8, p. ju»t been quoted. 
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j, aa briefly stated in the fifteenth chapter, manifest 
)tations whieh favour or inevitably load to an occasional 
i between one hermaphrodite and another of the same 
ies ; and these adaptive structures are utterly purposeless, 
ir as we can see, for any other end. 

0 doubt that extremely close inter- 



clo^y interbred for a long period, has often been quoted; yet 

Youatt says* the breed “ h--’ 

inconsistent with ct 



1 “ lu^ acquired a delicacy of constitution 
non niana^mcnt,” and “ the propagation of 
the species was not always certain.” But the Shorthorns offer the 
most ^striking case of close interbreeding ; for instance, the famous 
■ msclf the offspring of a half-brother and 
natclicd with bis own daughter, grand- 
laughter; so tliat the pn^uce of this 
-great-granddaughter, had 15-lGtbs, or 

.. od of Favourite in her veins. This cow 

.._8 matched with the bull Wellington, having 62'5 per cent, of 
Favourite blood in his veins, and produced Clarissa ; Clarissa was 
matched with the bull Lancaster, having 6875 of the same blood, 
and she yielded valuable offspring.* Nevertheless Collings, who 
reared these animals, and was a strong advocate for close breeding, 
once crossed bis stock with a Galloway, and the cows from this 



ist striking case of close 

last union, or^ ^t-gre 
'J375 per cent of the blood ( 



closely 11 
had the meet exalt 
infused fresh blood 



in tue world, for tiurtecn years 
but during the next seventeen 
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of his animals, but on account oi 
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was, that “ to brood in-and-in from a bad stock was ruin and de- 
vastation; yot tliat the practice may be safely followed within 
certain limits when the parents so related are descended from first- 
rate animals.” We thus see* that there has been much close inter- 
broedinK with Shorthorns ; but Nathnsius, after the most careful 
study of their pedigrees, says that he can find no instance of a 
breeder who has strictly followed this practice during his whole 
life. From this study and his own experience, ho concludes that 
close interbreeding is necessary to ennoble the stuck ; but that in 
effecting this the greatest care is necessary, on account of the ten- 
dency to infertility and weakness. It may bo added, that another 
high authority ’ a.sserts that many more calves are bom cripples 
from Shorthorns than from other and less closely interbred races 
of cattle. 

Although by carefully selecting the best animals (as Nature 
effectually does by the law of liattle) close interbreeding may be 
long carried on with cattle, yet the f^ood effects of a cross between 
almost any two breeds U at once shown by the greater size and 
vigour of the offspring; as Mr. Spooner writes to me, ” crossing 
distinct breeds certainly improves cattle for the butcher.” Such 
crossed animals are of course of no value to the breeder ; but they 
have been raised during many years in several parts of England to 
bo sUnghtenKl ; * and their merit is now so fully recognised, that 
at &t-cattle shows a separate class has been formed for their re- 
ception. The best fat ox at the groat show at Islington in I86U 
was a crossed animal. 

The half-wild cattle, which have been kejd in British parks pro- 
bably for 400 or 500 years, or even for a longer period, have been 
advanced by Culley and others as a case of long-continued inter- 
breeding within the limits of the same herd without any consequent 
injury. With respect to the cattle at Chillingliam, the late Lord 
Tankervillo owned that they were bod breeders.' The agent, Mr. 
Hardy, estimates (in a letter to mo, dated May, 1861) that in the 
herd of about fifty the average number annually slaughtered, killed 
by fighting, and dying, is about ten, or one in five. As the herd 
is kept up to nearly the same average number, the annual rate of 
increase must be Iflcewise about one in five. The bulls, I may add, 
engage in furious battles, of which battles the present Lord Tan- 
kervillc has given me a graphic description, so that there will 
always bo riTOrous selection of the most vigorous males. I pro- 
cured in 1855 from Mr. D. Gardner, agent to the Duke of Hamilton, 

’ Mr. Wright, ‘Joamal of Roy»l br«l hU bard in-ud-in for some yean, 
Agtkult.Soc.,’ Tol. Tii., 1846, p. 204. “loot io on* msiob twenty -eight 
Mr. J. Downing (n incceural breeder calves solely from want of cunstitu- 
of Shorthorns in Ireland) informs me tion.” 

that the raisers of the great families * Yonatt on Cattle, p. 202. 
of Shorthorns carefully conceal their * ‘ Report British Assoc., Zoolog. 
sterilitv and want of constitution. He Sect.,’ 1838. 
adds that Sir. Bates, after he bad 
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the following account of the wild cattle kept in the Duke’s park in 
Lanarkshire, which is about 200 acres in extent The number of 
cattle Taries from sixty-flTe to eighty ; and the number annually 
killed (I presume by all causes) is from eight to ten ; so that the 
annual rate of increase can hardly ho more than one in six. Now 
in South America, where the herds are half-wild, and therefore 
offer a nearly fair standard of comparison, according to Azara the 
natural increase of the cattle on an ostancia is from one-thinl to 
one-fourth of the total numlwr, or one in lietween three and four ; 
and this, no doubt, applies exclusively to adult animals fit for con- 
sumption. Hence the half-wild British cattle which have long 
interbred within the limits of the same herd are relatively far lees 
fertile. Although in an unenclosed country like Paraguay there 
must bo some crossing between the different herds, yet even there 
the inhabitants believe that the occasional introduction of animals 
from distant localities is necessary to prevent " degeneration in size 
and diminution of fertility." “ The decrease in size from ancient 
times in the Chillingham and Hamilton cattle must have been pro- 
digious, for Professor Riitimeyer has shown that they are almost 
certainly the descendants of the gigantic Bai primiyruiia. No 
doubt this decrease in size may be largely attributed to less favour- 
able conditions of life ; yet animals roaming over large porks, and 
fed daring severe winters, can hardly be considered as placed under 
very unfavourable conditions. 

With SAwp there has often boon long-continued interbreeding 
within the limits of the same flock ; but whether the neared rela- 
tions have been matched so frequently as in the case of Shorthorn 
cattle, I do not know. The Messrs. Brown during fifty years have 
never infused blood into their excellent flmk of Leiccsters. 
Since 1810 Mr. Barford has acted on the same principle with the 
Foseote flock. He asserts that half a century of experience has 
convinced him that when two nearly related animals are quite 
sound in constitution, in-and-in breeding does not induce dege- 
neracy ; but he adds that he “ docs not pride himself on breeding 
from the nearest afiSnities.” In France the Naz flock has been bred 
for sixty veors without the introduction of a single strange ram." 
Nevertheless, most great breeders of sheep have protested against 
close interbreeding prolong for too great a length of tiroa“ The 
most celebrated of recent breeders, Jonas Webb, kept five separate 
families to work on, thus " retaining the requisite distance or rela- 
tionship between the sexes;”" and what is probably of greater 
importance, the separate flocks will have been exposed to somewhat 
different conditions. 

flock, ‘ Boll, do U Soe. d'Acdinul.^’ 
1880, p. 477. 

" NathiuiaA, * BiwlTioli,’ •. 65; 

Tonatt OD Sheep, p. 495. 

‘Card. Chronicle,’ 1861, p. 631 



'* Aiara, 'QaadmpMee dn Para- 
cnay,' tom. iL pp. 354, 368. 

>■ For the om of the Meam. 
Brava, aw ‘Gard. Chronicle,’ 1855, 
p. 26. For the Foocote flock, ‘Card. 
Chron.,’ I860, p. 416. For the Naa 
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Alihoagh by the aid of careful selection the near interbreeding 
of 8beci> may bo long continued without any manifest evil, yet it 
has often been the practice with farmers to cross distinct bre^ to 
obtain animals for the butcher, which plainly sliows that good of 
some kind is derived from this practice. We have excellent evi- 
dence on this head from Mr. 8. Dmce,“ who pves in detail the 
comparative nimliers of four pure br^s and of a cross-breed 
which can bo supported on the same ground, and ho gives their pro- 
duce in fleece anti carcase. A high authority, Mr. Pnsey, sums up 
the result in money value during on equal length of time, namely 
(n^lecting shillings), for Cotswolds for Leicesters 223/., for 
Sonthdowus 291/., for Hamphire Dooms 264/., and for the cross- 
bred 293/. A former celebrated breeder. Lord Somerville, states 
that his half-breeds from Ryelands and Spanish sheep were larger 
animals than either the pure Ryelands or pure Spanish sheep. 
Mr. Spooner concludes his excellent Essay on Crossing by assorting 
that there is a pecuniary advantage in judicious cross-breeding, 
especially when the male is larger than the female.'* 

As some of our British parks are ancient, it occurred to mo that 
there must have been long-continned close interbreeding with the 
&llow-deer(C'«ma dama) kept in them; but on inquiry I find that 
it is a common practice to infuse new blood by i>rocnring bucks 
from other parks. Mr. Shirley,'* who has carefully studied the 
management of deer, admits that in some parks there has been no 
admixture of foreign blood from a time beyond the memory of man. 
But' he concludes “ that in the end the constant breeding in-and-in 
“ is sure to tell to the disadvantage of the whole herd, though it 
" may take a very long time to prove it; moreover, when we find, 
“ as is very ccmstantly the case, that the introduction of fresh blood 
** has been of the very greatest use to doer, both by improving their 
" size and appearonce, and particularly by being of service in re- 
“ moving the taint of ‘ rickback,’ if not of other diseases, to which 
'* deer are sometimes subject when the blood has not been changed, 
“ there can, I think, bo no doubt but that a judicious cross with a 
“ good stock is of the greatest consequence, and is indeed essential, 
" sooner or later, to the prosperity of every well-ordered pork.” 

Mr. Meynell’s famous foxhounds have b^ adduced, as showing 
that no ill eflccts follow from close interbreeding; and Sir J. 
Sebright ascertained from him that he frequently bred from father 
and daughter, mother and son, and sometimes even from brothers 
Md sisters. W'ith greyhounds also there has been much close 
interbreeding, but tlie best breeders agree that it may bo carried 



'• * Jonmal R. Agricnlt. Soc.,’ voU 
xir., 1853, p, 211 
“ Lord Somerville, ‘FacU on 



Sheep end Hoebudrv,’ p. 6. Mr. 
Spooner, in ‘ Journal of Royal Agri- 
eult Soo. of England,' vol, x>. part 



U. Sm aim an exnllent paper on 
the aame rabjectin ‘Gard. Chronicle,’ 
1860, p. 321, by Mr. Charlee Howard. 

'• ‘ Some Account of EnglUh Deer 
Parke,' by Evelyn P. Shirley, 1867. 
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seen the oOiiprinR of strong spaniels degenerate into weak and 
diminntire lapdogs. The Ber. \V. D. Fox has conimnnicatcd to 
me the case of a small lot of bloodhounds, long kept in the same 
family, which had become very bad breeders, and nearly all had a 
bony enlargement in the tail. A single cross with a distinct strain 
of bloodhounds restored their fertility, and drove away the tendency 
to malformation in the tail I have heard the particulars of an- 
other case with bloodhounds, in which the female had to be held to 
the mala Considering how rapid is the natural i 
dog, it is difficult to understand th 



d the large price of g 




leases liability to distemper and other diset 

authority, Mr. Scrope, attributes the rarity and dt 

size of the Scotch deerhound (the few individuals formerly existing 
throughout the country t«ing all related) in large part to close 



* frumdeli^y 

long-eared 



getting them to procreate (quickly, and all 

of constitution. A great judge of rabbi . , ^ 

does are often too highly bred or forced in their youth to lx: of much 
value as breeders, often turning out barren or l>ad mothera” 
They often desert their young, so that it is necessary to have 
nurse-rabbits, but I do not protend to attribute all these evil results 
to close interbreeding.* 

With respect to J‘ig» there is more unanimity amongst breeders 
on the evil effects of close interbreeding than, jierhaps, with any 
other large animal. Mr. Dmce, a great and succ^sful bre<^er of 
the Improved Oxfordshires (a crossed race), writes, "without a 
clungo of boars of a different tribe, but of the same breed, constitu- 
tioQ c&niiot bo prcBcrvod.^ Mr* Fisher Hobhs, tho r&iscr of tho 
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celebrated Improved Essex breed, divided his stock into three 
separate families, by which means he maintained the breed for 
more tlian twenty years, "by jndicious selection from the thne 
diitiiirl famUia.”'*' Lord Western was the first importer of a 
Neaimlitan boar and sow. “ From this pair ho bred in-and-in, 
until the breed was in danger of beroming extinct, a sure result 
(as Mr. Sidney remarks^ of in-and-in breeding.” Lord Western 
then crossed his'Neaiwlitan pigs with the old Essex, and made the 
first great step towards the Improved Essex breed. Here is a more 
interesting case. Mr. J. Wright, well known as a breeder, crossed** 
.he same boar with the daughter, granddaughter, and great-grand- 
Jaughtcr, and so on for seven generations. The result was, that 
in many instances the offiipring failed to breed; in others they 
produced few that lived; and of the latter many were idiotic, 
without sense, even to suck, and when attempting to move could 
not walk straight. Now it deserves especial notice, that the two 
last sows producc<l by this long course of interbreeding were sent 
to other boars, and they bore several litters of healthy pigs. The 
best sow in external appearance produced during the whole seven 
generations was one in the last stage of descent; but the litter 
consistod of this one sow. She would not breed to her sire, yet 
bred at the first trial to a stranger in blood. So tliat, in Mr. 
Wright’s case, long-continued and extremely close interbreeding 
did not aficct the external form or merit of the young; but with 
many of them the general constitution and mental jwwers, and 
especially tlie reproductive functions, were seriously affet^ted. 

Nathusius gives** an analogous and even more striking case : he 
imported from England a pregnant sow of the large Yorkshire 
breed, and bred the product closely in-and-in for three generations : 
the result was unfavourable, as the young were weak in constitution, 
with impaired fertility. One of the latest sows, which he esteemed 
a good animal, produced, when paired with her own uncle (who was 
known to lie productive with sows of other breeds), a litter of six, 
and a second time a litter of only five weak young piga He then 
poired this sow with a boar of a small black breed, which he had 
likewise imported from England ; this boar, when matched with 
ROWS of his own bro^, produce<l from seven to nine young. Now, 
the sow of the largo breed, which was so unproductive when paired 
with her own uncle, yielded to the small black boar, in the first 
litter twenty-one, and in the second litter eighteen young pigs; so 
that in one year she produced thirty-nine fine young animals ! 

As in the case of several other animals already mentioned, even 



1 Lord 



*' Stduj’f edit, of ‘ Yuuat 
Pit.’ 1860, p. 30; p. S3, qi 
from Mr. Umco; p. 29, < 

” ‘Joumsl of Royal Agricolt. Soc. 
of Eogltnd,’ 1816, vot. rii. p. 205. 

»> “Ueber Rindvich,’ &c., .. 78. 



Col. L< Conteor, who has done so 
much for the agriculture of Jersey, 
writes to me that from possessing a 
fine breed of pigs he bred them very 
closely, twice pairing brothers and 
sisters, but nearly ail the young had 
fits and died suddenly. 
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when no injury is perceptible from moderately cIobg interbreeding, 
yet, to quote the words of Mr. Coate (who five limes won the annual 
gold medal of the Smithfield Club Show for the liest pen of pigs), 
“ CruRscs answer well for profit to the farmer, aa you get more 
“ constitution and quicker powth ; but for me, who sell a great 
" number of pigs for breeding purposes, I find it will not do, as 
“ it requires many years to get anytliing like purity of blood 
" again.’”* 



Almost all the animals as yot montionc<l aro gregarious, 
and the males must frequently pair with their own daughters, 
for they expel the young males as well as all intruders, until 
forced by old age and loss of strength to yield to some stronger 
male. It is therefore not improbable that gregarious animals 
may have boon rendered less susceptible than non-social 
species to the evil consequences of close interbreeding, so 
that they may be enabled to live in herds without injury 
to their offspring. Unfortunately wo do not know whether 
an animal like the cat, which is not gregarious, would snflTer 
from close interbreeding in a greater degree tlian our other 
domesticate<l animals. But the pig is not, as far as I can 
discover, strictly gregarious, and we have seen that it appears 
eminently liable to the evil effects of close interbit^ing. 
Mr. Iluth, in the case of the pig, attributes (p. 285) these 
effects to their having been “ cultivated most for their fat,” or 
to the selected individuals having had a weak constitution ; 
but wo must remember that it is great breeders who have 
brought forward the above cases, and who are far more 
familiar than ordinary men can be, with the causes which are 
likely to interfere wri^ the fertility of their animals. 

The effects of close interbreeding in the case of man is a 
difficult subject, on which I will say but little. It has been 
discussed by various authors under many points of view.** 



** Sidney on the Pig, p. 36. Sm 
nbo note, p. 34, Also Richnrdson on 
the Pig, 1847, p. 26. 

** br. Daily has pnblished an axcal- 
lent artii'le (traaslated in the ‘ Anthro- 
polog. Kerlew,' May, 1864, p. 65), 
criticising all writers who hare main- 
tained that evil follows from con- 
sangnineons marriages. No doubt on 
this side of the question many adro- 



catss have injured their causa by in- 
accuracies: thus it has been stated 
(beray, ‘ Du banger das Msriages,’ 
Ice., 1862, p. 141) that the marriages 
of consins hare been prohibited by 
the legislature of Ohio; but 1 have 
been assured, in answer to inquiries 
made in tbs United Sutes, that this 
statement is a mere fable. 
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Mr. Tylor ha« shown that with widely different races in 
the most distant quarters of the world, marriages between 
relations — even between distant relations — have been strictly 
prohibited. There are, however, many exceptions to the 
rule, which are fully given by Mr. Huth.” It is a curious 
problem how these prohibitions arose during early and 
barljarous times. Mr. Tylor is inclined to attribute them to 
the evil effects of consanguineous marriages having been ob- 
served ; and he ingeniously attempts to explain some apparent 
anomalies in the prohibition not exten^ng equally to the 
relations on the male and female side. Ho admits, however, 
that other causes, such as the extension of friendly alliances, 
may have come into play. Mr. W. Adam, on the other liand, 
concludes that related marriages are prohibited and viewed 
with repugnance, from the confusion which would thus arise 
in the descent of projterty, and from other still more recondite 
reasons. But I cannot accept these views, seeing that incest 
is held in abhorrence by savages such as those of Australia 
and South America,’* who Imvo no property to bequeath, or 
fine moral feelings to confuse, and who are not likely to 
reflect on distant evils to their progeny. According to Mr. 
Huth the feeling is the indirect result of exogamy, inasmuch 
as when this practice ceased in any tribe and it became 
endogamous, so that marriages were strictly confined to the 
same tribe, it is not unlikely that a vestige of the former 
practice would still be retained, so that closely-related 
marringes would lie prohibited. With respect to exogamy 
itself Mr. Macl>ennan believes that it arose from a scarcity 
of women, owing to female infanticide, aided perhaps by 
other causes. 

It has been clt'arly showm by Mr. Huth that there is no 



’• Ste hia intfreating work on the 
* Earlv Hiatorr of Man,' 1865, chap. x. 

•’ ‘The Marriagf of Near Kin,’ 
1875. The evidence given by Mr. 
Hath wonld, 1 think, have been even 
mote valuable than it is on this and 
tome other points >f he had referred 
solely to the works of men who had 
long resided in each tountry referred 
to, and who showed that they possessed 



jutigment and caution. See also Mr. 
\V. Adam, ‘ On Consanguinity in Mar- 
riage ’ in the ‘ Fortnightly Review,’ 
1865, p. 710. Also Hofacker, ‘ Ueber 
die Eigenschaflen,’ tx., 18d8. 

*• Sir G. Grey’s * Journal of Expe- 
ditions into Australia,’ vol. ii. p. 24J ; 
and Dobrixhoffer, ‘On the Abiponet of 
South America.’ 
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instinctive feeling in man against incest any more than in 
gregarious animals. We know also how readily any prejudice 
or feeling may rise to ahhorrcuce, as shown by Hindus in 
regard to objects causing defilement. Although there seems 
to be no strong inherite<l feeling in mankind against incest, 
it seems possible that men during primeval times may have 
been more excited by strange females than by those with 
whom they habitually lived ; in the same manner as accord- 
ing to Mr. Cnpples,^' male deerhounds are inclined towards 
strange females, while the females prefer dogs with whom 
they have associated. If any such feeling formerly existed 
in man, this would have led to a preference fur marriages 
beyond the nearest kin, and might have been strengthened 
by the offspring of such marriages surviving in greater 
numbers, as analogy would lead us to believe would have 
occurred. 

Whether oonsangnineous marriages, such as are permitted 
in civilised nations, and which would not be considered as 
close interbreeding in the case of our domesticated animals, 
cause any injury wdll never be known with certainty until a 
census is taken with this object in view. My son, George 
Darwin, has done what is possible at present by a statistical 
investigation,” and he has come to the conclusion, from his 
own researches and those of Dr. Mitchell, tliat the evidence as 
to any evil thus caused is conflicting, but on the whole points 
to the evil being very small. 

Binh . — In the case of the Fowl a whole array of authorities 
could ho given against too close interbreeding. Sir J. Sebright 
positively asserts that he made many trials, and that his fowls, 
when thus treated, became long in the legs, small in the body, and 
bad breeders." Ho produced the famous Sebright Bantams by 
complicated crosses, and by breeding in-and-in ; and since bis time 
there has l>cen much close interbreeding with those animals ; and 
they are now notoriously bad breeders. 1 have seen Silver Bantams, 
dirtily descended from his stock, which had become almost as 
barren as hybrids; for not a single chicken had been that year 



** ‘ Docent of Man, 2nd. edit p. 
524. 

*• ‘Journal nfStatUtical Soc.’ done, 
1875, p. 153; and ‘Fortnightly 



Review,' Jnne, 1875. 

" ‘The Art of Improving the 
Breed,’ p. 13. 
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hatched from two full nests of eggs. Mr. Hewitt says that with 
these Bantams the sterility of the male stands, with rare exceptions, 
'n the closest relation with their loss of certain secondary male 



in thi 



slightest deviation from feminine character in the tail of tl 



male Sebright— say the elongation by only half an inch of the t^ 

“ principal tail feathers — brings with it improved probability of 
“ mcrca.setl fertility.”” 



Mr. Wright states” that Mr. Clark, “ whose fighting-cocks a 



be under tl 

, , „ obtaining a cross 

resumed their former courage and 
mind that game-cocks before they 
■ ■ " 'ng was left to the imagi- 

woight. Mr. Clark does 
sisters, which is the most 
, , after repeated trials, that 

^ _ luction in weight in the young from a 

!r ]>airod with his daughter, than from a mother with her son 
I may add that Mr. Eyton, of Eyton, the well-known ornithologist, 
who is a largo breeder of Grey Dorkings, informs me that they 





o hundred or three hundred chickens cacl 
t the best birds from each run for crossing. 
Bcient crossing to prevent deterioration.” “ 



« ‘The Poultry Book,’ by W. B. 




her own son ; “ but they were cautious 
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We thus soe that there is almost complete unanimity with 
poultry-breeders that, when fowls are kept at the same place, 
evil quickly follows from interbreeding carried on to an extent 
which would be disregarded in the case of most quadrupeds. 
Moreover, it is a generally received opinion that cross-bred 
chickens are the hardiest and most easily rearerl." Mr. Tegctmeier, 
who has carefully attended to jwnltry of all breeds, says” tliat 
Dorking hens, allowed to run with Houdan or Crevecoeur cocks, 
“ produce in the early spring chickens that for size, hardihood, 
“ early maturity, and fitness for the market, surpass those of any 
“ i)ure breed that we have ever raised.” Mr. Hewitt gives it as 
a general rule with fowls, that crossing the breed increases their 
size. He makes this remark after stating that hybrids from 
the pheasant and fowl are considerably larger than either progenitor : 
so again, hybrids from the male golden pheasant and female common 
pheasant “are of far larger size than either parent-bird.”* To 
this subject of tlie increased size of hybrids I shall presently return. 

With i'itffonn, breeders are unanimous, as previously stated, 
that it is absolutely indispensable, notwithstanding the trouble 
and expense thus caused, occasionally to cross their much-prized 
birds with individuals of another strain, but belonging, of course, 
to the same variety. It deserves notice that, when size is one 
of the desired characters, as with pouters," the evil effects of close 
interbreeding are much sooner i)erceived than when small birds, 
such as short-faced tumblers, are valued. The extreme delicacy 
of the high fancy breeds, such as these tumblers and improved 
English carriers, is remarkable ; they are liable to many diseases, 
and often die in the egg or during the first moult ; and their eggs 
have generally to be hatched under foster-mothers. Although 
these highly-prized birds have invariably lieen subjected to much 
close interbreeding, yet their extreme delicacy of constitution 
cannot perhaps bo thus fully explained. Mr. Varrell informed me 
that Sir J. Sebright continued closely interbreeding some owl- 
pigeons, until from their extreme sterility ho as nearly as possible 
lost the whole family. Mr. Brent*' tried to raise a breed of 
trumpeters, by crossing a common pigeon, and recrossing the 
daughter, granddaughter, great granddaughter, and great-great- 
granddaughter, with the same male trum])eter, until he obtained 
a bird with of trumpeters blood; but then the experiment 
failed, for “breeding so close stopped reproduction.” The ex- 
perienced Nenmeister" also asserts that the offspring from dove- 
cotes and various other breeds are “generally very fertile and 



•’ ‘ The Poultry Chronicle,’ vol. L 
p. 89. 

“ ‘The Poultry Book,’ 1866, p. 

“ Ihid. 1866, p. 167 ; and ‘ Poultry 
Chronicle,’ vol. lii., 1855, p. 15. 



** ‘ A TreetUe on Fancy Pigeoni,’ 
by J. M. Eaton, p. 56. 

•' ‘ The Pigeon Book,’ p. 46. 

" ‘ Das Ganze der Taubenzucht,’ 
1837, a. 18. 
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lianly birds : ” so SRain, MM. Boitard and Coring, ** after forty-five 
years’ exiierience, reeommend persons to cross their breeds for 
amnsement ; for, if they fail ’to njake interesting birds, they will 
succeed under an economical point of view, “ as it is found that 
mongrels are more fertile than pigeons of pure race.” 

I will ref?r only to one otner animal, luuncly, the Hive-bee, 
because a distinguished entomologist has advanc^ this as a case 
of inevitable close interbreeding. As the hive is tenanted by a 
single female, it might have l)eon thought that her uiale and 
female offs|>ring would always have bred together, more cs|>ccia11y 
os bees of iliffercnt hives are hostile to each other; a strange worker 
being almost always attacked when trying to enter another hive. 
But Mr. Tegetroeicr has shown** that tliis instinct does not apply 
to drones, which are permitted to enter any hive; so that there 
is no a priori improbability of a queen receiving a foreign drone. 
The fact of the union invariably and necessarily taking place 
on the wing, during the queen's nuptial flight, seems to Isi a s|XK;ial 
provision against continued interbreeding. However this may be, 
experience has shown, since tlie introduction of the yellow-lnnded 
Ligurian race into Germany and England, that bees freely cross : 
Mr. Woodbury, who introducetl Ligurian bees into Devonshire, 
found during a single season that three stocks, at distances of from 
one to two miles from his hives, were crossed by bis drones. 
In oiMi case the Ligurian drones must have flown over the city 
of Exeter, and over several intermediate hives. On another 
occasion several common block queens were crossed by IJgurion 
drones at a distance of from one to three and a half miles.** 

Plants. 

,Whcn a single plant of a new species is introduced into any 
co’untry, if propagated by seed, many individuals will soon lie 
raised, so that if the proper insects lie present there will be crossing. 
With newly-introdiK^d trees or other plants not propagntid 
by seed wo are not hero concerned. With old-established plants 
it is on almost universal practice occasionally to make exchanges 
of seed, by which means individuals which have' licen expo^ 
to diflbrent conditions of life,— and this, as we have seen with 
animals, diminishes the evil from close interbreeding, — will 
occasionally lie introduced into each district 

With respect to individuals belonging to the same sub-variety, 
Gartner, whoso accuracy and experience cxceeilod that of all other 
observers, states** that he has many times observed good effects 
from this stop, especially with exotic genera, of which the fertility 
is somewhat impaired, such as Passiflora, Lobelia, Fuchsia. 

“ ‘ Us PigvoDS,’ 1824, p. 85. pp. 39, 77, 158 ; sod 1864, p. 206. 

** * Proc. lilntoaaulog. Soc./ Ang. ** * B«itrmge xur Kvnatnks der 
6th» 1860, p. 126. Befruchtung,* 1844, *. 366. 

^ * Joarnul uf Horticulture,* 18C1, 
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Ilorliert also says,” “ I am inclined to tliink that I have derired 
"advantaKo from imim'gnating tlio flower from which I wished 
“to obtain seed with is>llen from another individiinl of the same 
■■ variety, or at least from another flower, rather than with its 
“own." Again, Professor Leoo(| ascertained that crossed ofi&<pring 
are more vigorous and robust tlian their parents." 

General statements of this kind, however, can seldom bo fully 
trusliHl : 1 therefore began a long series of exj)erimentK, continued 
for about ten years, which will I think conclusively show the 
giKxl eflccts of crossing two distinct plants of the same variety, 
and the evil eflects of long^continucd self-fertilisation. A clear 
light will thus be throam on such questions, as w hy flowers are 
almost invariably constructed so as to |)ermit, or favour, or necessi- 
tate tlie union of two individuals. \Ve shall clearly understand 
why monojciotis and dioecious, — why dichogamous, dimorpliic and 
trimorphic plants exist, and many other such casos. I intend soon 
to publish an account of these ex])erimcnts, and I can here give only 
a few cases in illustration. The plan which 1 followed was to grow 
plants in the same pot, or in fiots of the same size, or close together in 
the open ground; carefully to exclude insects; and then to fertilise 
some of the flowers with pollen from the same flower, and otliers 
on the same plant with {Mllen from a distinct but adjoining plant 
In many of these experiments, the crossed plants yielded much 
mote seed than the self-fcrtilis^ plants ; and 1 have never seen 
the reversed case. The self-fertilised and crossed seeds thus 
obtained were allowed to germinate in the same glass vessel on 
damp sand; and as the seeds germinated, they were planted 
in pairs on opposite sides of the same pot, with a su^rflcial 
partition lietwcen them, and were placed so as to be equity ex- 
posed to the light In other cases the self-fertilised and crossed 
seeds were simply sown on opposite sides of the same small pot. 
I have, in short, followed different plans, but in every case have 
taken all the precautions which 1 could think of, so that the two 
lots should lie equally favoured. The growth of the plants raised 
from tlie crossed and self-fertilised soed, were carefully otiservcd from 
their germination to maturity, in sjtecics belonging to fifty-two 
genera; and the difference in their growth, and in withstanding 
lufavournble conditions, was in most cases manifest and strongly 
marked It is of importance that the two lots of seed should l>e 
sown or jilanted on oppwito sides of the same pot, so that the seed- 
lings may struggle against each other; lor if sown sciwratcly in 
ample and good soil, there is often but little difference in their growth. 

I will briefly descnlie two of the first cases observed by me. 
Six crossed and six self-fertilised seeds of Jfxmimi purpart i, from 
plants treated in the manner above described, were planted as soon 
as they had germinated, in pairs on opposite sides of two pots, 
and rods of equal thickness were given them to twine up. Five 

•' ‘ AmaryllUicMe,’ p. 371. " ‘ De U FtoniUtioa,' 2nd adit., 1862, p. 79. 
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of the crossed grew from the first more quickly than the 

opposed self-fertilised plants ; the sixth, however, was weakly and 
wa-s for a time beaten, but at last its sounder constitution prevaiW 
and it shot phead of its antagonist. As soon as each crossed plant 
reached the top of its seven-foot rod its fellow was measured, and 
the result was that, when the crossed plants were seven feet high 
the self-fertilised had attained the average height of only five feet 
four and a half inches. The crossed plants flowered a little Ixjfoie, 
and more profusely than the self-fertilised plants. On opposite 
sides of another tmull pot a large numlxir of crossed and self- 
fertilised seeds were sown, so that they had to struggle for bare 
existence ; a single rod was given to each lot : here again the cross^ 
plants showed from the first their advantage; they never quite 
reached the summit of the seven-foot rod, but relatively to the 
self-fertilised plants their average height was as seven feet to five 
feet two inches. The experiment was repeated during several 
succeeding generations, treated in exactly the same manner, and 
with nearly tho same result. In tho second generation, the crossed 
plants, which were again crossed, product 121 seed - capsules, 
whilst tho self-fertilised, again self-fertilised, produced only 
capsules. 

Some flowers of tho Mimulut tutei'i were fertilised with their 
own pollen, and others were crossed with pollen from distinct plants 
growing in the same pot. The scetls were thickly sown on 
opposite sides of a pot. The seedlings were at first equal in 
height; but when the young crossed plants were half an inch, 
the self-fertilised plants were only a quarter of an inch high. 
But tliis degree of inequality did not last, for, when the cross^ 
plants were four and a half inches high, the self-fertilised were 
three inches, and they retained the same relative difference till 
their growth was complete. Tho crossed plants looked far more 
vigorous than tho uncrossed, and flowered before them ; they 
produced also a far greater numlicr of caixniles. As in the former 
case, the experiment was repeated during several succeeding gene- 
rations. Had I not watched these plants of Mimulus and Ipomoea 
during their whole growth, I could not have lielieved it possible, 
that a difference apparently so slight as that of the pollen being taken 
from the same flower, or from a ^tinet plant growing in the same 
pot, could have made so wonderful a difference in tlie growth and 
vi^ur of the plants thus produced. This, under a physiological 
point of view, is a most remarkable phenomenon. 

With respect to tho benefit derived from crossing distinct 
varieties, plenty of evidence has l»en published. Sa^ret" re- 
peatedly sp^ks in strong terms of the vigour of melons raised by 
crossing different varieties, and adds that they are more easily 
fertilised than common melons, and produce numerous good se^. 



*• ‘ Memoire sur les CncurbiUci^’ pp. 36, 28, SO. ' 



© The Complete Work of Charles Darwin Online 



110 



GOOD FROM CROSSING. 



Chap. X^^I. 



Hero follows the eridenco of an Enplish gardener;** “I hare tliis 
summer mot with better success in my cultivation of melons, in 
“ an unprotected state, from the seeds of hybrids (i.e. mongrels) 
obtained by cross impregnation, than with old Tsricties. The 
“ offspring of three different hybridisations (one more Specially, of 
" which the parents wore the two most dissimilar Turietics I could 
“ select) each yielded more ample aiul finer produce tlian any one 
“ of between twenty and thirty established varieties.” 

Andrew Knight*' believed that his seedlings from crossed varieties 
of the apple exhibited increased vigour and luxuriance; and M. 
Chcvreul** alludes to the extreme vigour of some of the crossed 
fruit-trees raised by Sageret. 

By crossing reciprocally the tallest and shortest peas, Knight** 
says ; “ I had in this - experiment a striking instance of the 
stimulative effects of crossing the breeds; for the smallest variety, 
“ whose height rarely exceeded two feet, was increased to six feet ; 
“ whilst the height of the large and luxuriant kind was very little 
" diminisheil.’’ Mr. Laxton gave mo sced-]iea8 produced from 
crosses between four distinct kinds; and the plants tnus raised were 
extraordinarily vigorous, Ixjing in each case from one to two or throe 
feet taller than the parent forms growing close alongside them. 

Wiegmann** made many crosses between several varieties of 
cablngc; and he speaks with astonishment of the vigour and 
height of the mongrels, which excited the amazement of all the 
gardeners who beheld them. Jfr. Chaundy raised a great number 
of mongrels by pUnting together six distinct varieties of cabbage. 
These mongrels displayed on infinite diversity of character; “But 
" the most remarkable circumstance was, that, while all the other 
“ cabbages and borecoles in the nursery were destroyed by a severe 
“ winter, these hybrids were little injured, and supplied the kitchen 
“ when there was no other cabbage to be had.” 

Mr. Maund exhibited before the Royal Agricultural Society" 
specimens of enwsod wheat, together with their parent varieties ; 
and the editor states that they were intermeiliate in character, 
“ united with that greater vigour of pmwth, which it apjienrs, in 
" the vegetable as in the animal world, is the result of a first cross.” 
Knight also crossed several varieties of wheat," and ho says “ that 
“ in the years 1795 and 1796, when almost the whole crop of com 
“ in the island was blighted, the varieties thus obtained, and these 
“ only, esca])ed in this neighbourhood, though sown in several 
" Afferent soils and situations.” 



" Lonilon't * Gud. Mag.,' voL viii., 
1S.32, p. 52. 

** ‘ Transact. Hort. Soc.,’ voL L p. 
25. 

“ ‘ Annal. d« Sc. Nat.,’ 3rd leriea, 

** ‘Philono^ical Tranaactiona,’ 
1799, p. 200. 



** ‘Ceber die BaatanlrriengnDg.' 
1828,8.32.33. For Mr. Chaundy’a 
caae. aea Loudon'a ‘ Card. 5fag.’ vol. 
vii. 1831, p. 698. 

** ‘ Gatdener'a Ckron.,’ 1846, p. 
601. 

*’ ‘ Philoaoph. Transact.,’ 1799, p. 

201 . 
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Here is a remarkable case : M. Clotzsch” crossed Pinus fylvettrii 
and nigricans, Querctu robur and pulunculata, Ainu* glutiiios t and 
incjtia, Ulniiu campetlris and efusa ; and the cross-fertilised seeds, 
as well as' seeds of the pure parent-trees, were all sown at tlie same 
time and in the same place. The result was, that after an interval of 
eight years, the hybrids were one-third taller than the pure trees ! 

The facts above given refer to undoubted varieties, excepting 
the trees crossed by Clotzsch, wliich are ranked by various botanists 
as strongly-marked races, sub-species, or species. That true 
hybrids raised from entirely distinct species, though they loee in 
fertility, often gain in size and constitutional vigour, is certain. It 
would be superfluous to quote any (acts; for all exfierimenters, 
Kiilreuter, Gartner, Herliert, Sageret, Lecoq, and Naudin, have 
been struck with the wonderful vigour, height, size, tenacity of life, 
precocity, and hardiness of their hybrid productions. Gartner" 
sums up his conviction on this head in the strongest terms. K 61 - 
reuter" gives numerous precise measurements of the weight and 
height of his hybrids in his comimrison with mea.suremonts of both 
parent-forms ; and speaks with astonishment of their thlura por- 
“ ttHlota” their “ ambitu* vu»ti»timu$ ae altiluilo calde cmitpicua." 
Some exceptions to the rule in the case of very sterile hybrids have, 
however, been noticed by Gartner and Herlicrt; but the most 
striking exceptions are given by Max Wichura," who found that 
hybrid willows were generally tender in constitution, dwarf, and 
short-lived 

Kdlreuter explains the vast increase in the size of the roots, 
stems, &c., of his hybrids, as the result of a sort of compensation 
due to their sterility, in the same way as many emasculated 
animals arc larger than the perfect males. This view seems at flrst 
sight extremely probable, and has been accepted by various authors;" 
but Gartner" has well remarked that there is much difiSculty in 
fuUy admitting it ; for with many hybrids there is no parallelism 
between the dfegree of their sterility and their increased size and 
vigour. The most striking instances of luxuriant growth have bc*n 
ohrerved urith hybrids which were not sterile in any extreme 
degree. In the genus Mirabilis, certain hybrids are unusually 
fertile, and their extraordinary luxuriance of growth, together with 



•' Quotnl in ‘ Bull. Bot. Soc. 
France,’ vol ii., 1855, p. 327. 

" Girtncr, * BnaUnlerzcugnng,’ s. 
259, 518, 526 et teg. 

" ‘ Fortsetinng,’ 1763, s. 29; 
‘ Dritte FortAeUung.' «. 44, 96 ; ‘ Act. 
Acad. St. Petersburg.’ 1782, part ii., 
p. 251; ‘Nova AcU.’ 1793, pp. 391, 
394; ‘Nova AcU,’ 1795, pp. 316, 
323. 



" ‘Die Bastardbefruchtung,’ be., 
1865, a. 31, 41, 42. 

" 5lai Wichura fully accepts this 
view (‘ BasUnlbefruchtung,’ s. 43), 
as does the Rev. M. J. Berkeler, in 
‘Journal of Hart. Soc.,’ Jan. 1866, 
p. 70. 

“ ‘ BasUrderzeugung,’ s. 394, 526, 
528. 
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their enormous roots, ^ hsTO been transmitted to their progeny. 
Tho result in all cases is proliably in part due to the .saving of 
nutriment and vital force through the sexual organs acting imper- 
fectly or not at all, but more especially to the general law of good 
being derived from a cross. For it deserves especial attention that 
mongrel animals and plants, which arc so far from being sterile that 
their fertility is often actually augmented, have, as previously 
shown, their size, hardiness, and constitutional vigour generally 
increased. It is not a little remarkable that an accession of vigour 
and size should thus arise under the opposite contingencies of 
increased and diminished fertility. 

It is a perfectly well ascertained fact** that hybrids invariably 
breed with either pure parent, and not rarely with a distinct species, 
more readily than with one another. Herbert is inclined to explain 
even this fact by tho advantage derived from a cross ; but Gartner 
more justly accounts for it by the jwllcn of tho hybrid, and 
probably its ovules, being in some degree vitiated, whereas the 
pollen and ovules of both pure parents and of any third species are 
sound. Nevertheless, there are some wcll-a8certnino<l and re- 
markable facts, which, as we shall presently see, show that a cross 
by itself undoubtedly tends to increase or re-establish the fertility 
of hybrids. 

The same law, namely, that the crossed offspring both of varieties 
and species ate larger than the parent-forms, holds good in the 
most striking manner with hybrid animals as well as with mongrels. 
Mr. Bartlett, who has had such large experience says, " Among all 
“ hybrids of vertebrated animals there is a marked increase of size.” 
He then enumerates many cases with mammals, including monkeys, 
and with various families of birds.* 



On certain Hermaphrodite Plants which, either normally or abnor- 
mally, require to be fertilised by pollen from a distinct individual 

The facts now to I)e given differ from the foregoing, as 
self-sterility is not here the result of long-continued close 
interbreeding. These facts are, however, connected with our 
present subject, because a cross with a distinct individual is 
shown to be either necessary or advantageous. Dimorphic 
and trimorphic plants, tliough they arc hermaphrodites, must 
be reciprocally crossed, one set of forms by the other, in order 
to bo fully fertile, and in some cases to be fertile in any degree. 

“ Kolreutcr, ‘ Xov» Acta,' 1795, 430. 

p. 316. Quoted by Dr. Marie, iu * Proc. 

•* Gartner, * BnsUrderzeugung/ s. Zoolog. Soc./ 1870, p. 40. 
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But I should not have noticed these plants, had it not been 
for the following cases given by Dr. Hildebrand — 

Primula tiuentis is a reciprocally dimorphic species : Dr. Hilde- 
brand fertilised twenty-eight flowers of both forms, each by pollen of 
the other form, and obtained the full number of capsules containing 
on an average 427 seed per capsule ; here we have complete and 
normal fertility. He then fertilised forty-two flowers of both forms 
with pollen of the same form, but taken from a distinct plant, and 
all produced capsules containing on an average only lh-6 see<i. 
Lastly, and here we come to our more immediate point, he fertilised 
forty-eight flowers of both forms with pollen of the same form and 
taken from the same flower, and now he obtained only thirty-two 
capsules, and these contained on an average 18'6 seed, or one less 
per capsule than in the former case. So that, with these illegitimate 
unions, the act of impregnation is less assured, and the fertility 
slightly less, when the pollen and ovules belong to the same flower, 
than when belonging to two distinct individuals of the same form. 
Dr. Hildebrand has recently made analogous cx]icriments on the 
long-styled form of Chcalis rosea, with the same result.” 

It has recently been discovered that certain plants, whilst 
growing in their native country under natural conditions, 
cannot be fertilised with pollen from the same plant. They 
are sometimes so utterly self-imjiotent, that, though they can 
readily be fertilised by the pollen of a distinct species or 
even distinct genus, yet, wonderful as is the fact, they never 
produce a single seed by their own pollen. In some cases, 
moreover, the plant’s own pollen and stigma mutually act on 
each other in a deleterious manner. Most of the tacts to be 
given relate to orchids, but I will commence with a plant 
belonging to a widely different family. 

Sixty-thrcc flowers of Corydalis cava, borne on distinct plants, 
were fertilised by Dr. Hildebrand” with pollen from other plants of 
the same species ; and fifty-eight capsules were obtained, including 
on an average 4'5 seed in each. Ho then fertilised sixteen flowers 
produced by the same raceme, one with another, but obtained only 
three capsules, one of which alone contained any good seeds, 
namely, two in nnmlier. Lastly, ho fertilised twenty-seven flowers, 
each with its own pollen; he left also fifty-seven flowers to be 
spontancoasly fertili^, and this would certamly have cnsjicd if it 



•• ‘ Botanische Zeitnng,’ Jan. 1864, Berlin, 1866, ». 372. 

1 . 3. ” International Uort. Congress, 

” ‘ Monatsberiebt AkaJ. Wissen.’ London, 1866. 
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had been poesible, for (he anthera not only touch the stigma, bnt 
tlio pollcn-tnbce were seen l>y Dr. Hildebrand to Mnetrate it; 
nevertheless these eighty-four flowers did not produce a single 
seed-camnlc ! This whole case is highly instructive, as it shows 
how widely different the action of the same pollen is, according as 
it is placed on the stigma of the same flower, or on tliat of another 
flower on the same raceme, or on that of a distinct plant 

With exotic Orchids several analogous cases lutve Iieen observed, 
chiefly by Mr. John Scott" Onddiam tpliaee/atum has effective 
pollen, for Mr. Scott fertilised two distinct species with it; the 
ovules are likewise capable of impregnation, for they were readily 
fertilised by the rallen of 0. ilivaricalum ; nevertheless, between 
one and two himdred flowers fertilised by their own pollen did not 
produce a single capsule, though the stigmas were penetrated by 
the pollen-tubes. Mr. Bobertson Miinro, of the lioyal Botanic 
Uaraens of Edinburgh, also informs me (18C4) that a hundred and 
twenty flowers of tliis same species were fertilised by him with 
their own pollen, and did not produce a capsule, but eight flowers, 
fertilised by the pollen of 0. divaricatum, i>roducod four flno cap- 
sules: again, between two and three hundred flowers of U. Jiva i- 
calum, fertilised by their own pollen, did not set a capsule, bnt 
twelve flowers fertiliscxl by O.fivxuosum produced eight flno cap- 
sules: BO that here we liave three utterly self-impotent sTwk»,with 
their male and female organs perfect, as shown by their mutual 
fertilisation. In these cases fe^lisation was effect^ only by the 
aid of a distinct species. Bnt, as we shall presently sec, distinct 
plants, raised from sued, of Oncidium flexuotum, and prolnbly of the 
other luiecies, would have been perfectly capable of fertilising each 
other, for this is the natural process. Again, Mr. Scott found that the 
pollen of a plant of 0. mierixhUum was effective, for with it he ferti- 
lised two distinct species ; ho found its ovules good, for they could 
be fertilised by the pollen of one of these species, snd by the pollen 
of a distinct plant of 0. mimehUum ; bnt tlicy could not he ferti- 
lised by |)ollcn of the same plant, though the pollen-tulies penetrated 
the stigma. An analogous case has liecn rc<K>rded by M. Riviere,™ 
with two plants of O. caurndiMauum, which were Iwth self-sterile, 
bnt reciprocally fertilised each otiicr. All these cases refer to the 
genus Oncidium, but Mr. Scott found that MaxUlurUt alrv-rubnt^ 
was “totally insusceptible of fertilisation with its own pollen,” bnt 
fertilised, and was fertilised by, a widely distinct species, viz. M. 
ujvaltm. 

As these orchids had been grown under unnatural conditions in 
hot-honsos, I concluded that their self-sterility was due to this 
cause. Bnt Fritz Muller informs me that at Desterro, in Brazil, he 



•• • Proc. Hot. Soc. of Edinbnrgh,' 
May, 18S.'): thew ob.^rrstioiu «rc 
given in nb>tract, nnil others ars 
siUcd, in the ‘Jonmal of Proc. of 



Linn. Soc.,’ voL viii. Bot., 1864, p. 
162. 

'• Prof. Lecoq, ‘De la F4condation,* 
2nd edit., 1862. p. 76. 
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fertilised above one hnndred flowers of the nbove-mentioned Onci- 
diuia ftrxuotum, which is there endemic, with its own pollen, and 
with that 'taken from distinct plants; all the former were sterile, 
whilst those fertilised by pollen from any other plant of the same 
species were fertile. During the flrst three days there was no 
(uff'erence in the action of the two kinds of potion : that placed on 
stigma of the same plant separated in the usual manner into grains, 
and emitted tubes which penetrated the column, and the stigmatic 
chamlicr shut itself ; but only those flowers which had been fertilised 
by pollen taken fixim a dis^ct plant produced seed-caiisales. On 
a subsequent occasion these e^riments were repeated on a large 
scale with tlie same result. Frit* Muller found that four other 
endemic species of Oncidinm were in like manner utterly sterile 
with their own pollen, but fertile with that from any other plant : 
some of them likewise produced seed-capsules when impregnated 
with pollen of widely distinct genera, such as Cyrtopodium, and 
Bodriguezia. Oncidium crisjnim, however, difiTers from the fore- 
going species in varying much in its self-sterility ; some plants 
producing fine pods with their own pollen, others failing to do so; 
m two or three instances, Fritz MUller observed that the pods pro- 
duced by pollen taken from a distinct flower on the same plant, were 
larger than those produced by the flower’s own pollen. In K/ id'-n- 
drum einnabarinum, an orchid belonging to another division of the 
family, fine pods were produced by the plant’s own pollen, but they 
contained by weight only aliont half os much seed as tlic capsules 
which hatl been fertili^ by pollen from a distinct plant, and in 
one instance from a distinct species ; moreover, a very forge propor- 
tion, and in some cases nearly all the seeds produced by the plant’s 
own pollen, were destitute of on embryo. Some self-fertilised 
capsules of a Maxiilaria were in a similar state. 

Another observation mode by Fritz M&ller is highly remarkable, 
namely, that with various orchids the plant’s own pollen not only 
fails to impregnate the flower, but acts on the stigma, and is acted 
on, in an injurious or poisonous manner. This is shown by the 
surface of the stigma in contact with the pollen, and by the pollen 
itself, becoming in from throe to five days dark brown, ana then 
decaying. The discoloration and decay are not caused by 
paretic cryptograms, which were observed by Fritz MUller in only 
a single instance. These changes are well shown by. placing on 
the same stigma, at the same time, the plant’s own pollen and 
that from a distinct plant of the same 8|>ecie8, or of another 
species, or even of another and widely remote genus. Thus, 
on tlie stigma of Oncidium fiexuosum, the plant’s own pollen and 
that from a distinct plant were placed side by side, and in five days’ 
time the latter was perfectly frah, whilst the plant's own pollen 
was brown. On the other hand, when the pollen of a distinct plant 
of the Oncidium flrxiweitm and of the Epidrndram zebra (nov. 
tpec. 1) were placed together on the same stigma, they behaved in 
exactly the same manner, the grains separating, emitting tubes. 



C> The Complete Work of Charles Darwin Online 



116 



GOOD FROM CROSSING. 



Chat. XVII. 



and penetrating the stigma, so tliat the two pollen-masses, after an 
interval of eleven days, could not be distingnished except by the 
difference of their caudicles, wliich, of course, undergo no change. 
Fritz MUller has, moreover, made a large numltcr of crosses Iwtwcen 
orchids lielonging to distinct species and genera, and he finds that 
in all cases when the flowers are not fertilised their footstalks first 
begin to wither ; and the withering slowly spreads upwards until 
the germens fall off, after an interval of one or two weeks, and in 
one instance of between six and seven weeks; but even in this latter 
case, and in most other cases, the pollen and stigma remained in 
apiicarance fresh. Occasioi^ly, however, the pollen becomes 
brownish, generally on the external surface, and not in contact with 
as is invariably the case when the plant’s own pollen is 



Her oliserved the poisonous action of the plant’s own 
pollen in the above-mentioned Onculium (>. uiiicomr, 

jmhrt (?), and in two otlier unnamed species. Also in two species of 
Bodriguezia, in two of Notylia, in one of Bnrlingtonia, and of a 
fourth genus in the same group. In all these cases, except the last, 
it was proved that the flowers were, as might have been expected, 
fertile writh pollen from a distinct plant of the same species. 
Numerous flowers of one species of Notylia were fertilised with 
Iiollcn from the same raceme ; in two days’ time they all withered, 
the gormens began to shrink, the pollen-masses became dark brown, 
and not one pollen-grain emitted a tube. So that in this orchid the 
injurious action of the plant’s own pollen is more rapid than with 
Oncidium flnnumim. Eight other flowers on the same raceme were 
fertilised with pollen from a distinct plant of the same species: two 
of these were dissected, and their stigmas were found to be pene- 
trated by numberless pollen-tubes ; and the germens of the other 
six flowers became well developed. On a snlweiiuent occasion many 
other flowers were fertilised with their own pollen, and all fell oflT 
dead in a few days ; whilst some flowers on the same raceme which 
had been left simply unfertilised adhered and long remained fresh. 
We have seen that in cross-unions between extremely distinct 
orchids the pollen long remains nndccaycd ; but Notylia behaved 
in this respect differently ; for when its pollen was placed on the 
stigma of Oncidium jitxuotum, lioth the stigma and pollen quickly 
became dark brown, in the same manner as if the plant’s own pollen 
had been applied. 

Fritz MUller suggests that, as in all these cases the plant’s own 
pollen is not only impotent (thus effectually preventing self-fertilisa- 
tion), but likewise prevents, as was ascertained in the case of the 
Notylia and Oncidium flrxuotum, the action of sulisequently applied 
pollen from a distinct individual, it would be an advantage to the 
plant to have its own pollen rendered more and more deleterious ; 
for the germens would thus quickly be killed, and dropping off, 
there would be no further waste in nourishing a part which 
ultimately could be of no avail. 
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Tlio same nnturalifrt found in BrAzil three plants of a Bignonia 
growing near together. He fertilised twenty-nine flowerets on one 
of them with their own pollen, and they did not set a single 
capsule. Thirty flowers were then fertilised with pollen from a 
distinct plant, one of the three, and they yielded only two capsules. 
Lastly, five flowers were fertilised with pollen from a fourth 
plant growing at a distance, and all five produced capsules. 
fVitz Muller thinks that the throe plants which grew near one 
another were pmliably seedlings from the some parent, and that 
fmra being closely related, they acted very feebly on one another. 
This view is extremely probable, for he has since shown in a 
remarkable paper,” that in the case of some Biazilian species of 
Abntilon, which are self-sterile, and between which be raised some 
complex hybrids, that these, if near relatives, were much less fertile 
intrr we, than when not closely related. 

Wo now come to cases closely analogous with those just 
given, but different in so far that only certain individuals 
of the species are self-sterile. This self-impotence does not 
depend on the pollen or ovules being in an unfit state for 
fertilisation, fur both have been found effective in union with 
other plants of the same or of a distinct species. The fact 
of plants having acquired sojieculiar a constitution, that they 
can bo fertilised more readily by the pollen of a distinct 
species than by their own. is exactly the reverse of what 
occurs with all ordinary species. For in the latter the two 
sexual elements of the same individual plant are of course 
capable of freely acting on each other ; but are so constituted 
that they are more or less imiiotent when brought into union 
with tlie sexual elements of a distinct species, and produce 
moi e or less sterile hybrids. 

Gartner experimented on two plants of LoMin fulgent, brought 
from sc|iarate places, and found” that their pollen was go^, for he 
fertilised with it L. oardinalit and tuMlitica ; their ovules were 
likewise good, fur they were fertilised by the pollen of these same 
two species ; but these two plants of L. fulgent could not be fertilised 
by their own pollen, as can generally be effected with perfect case 
with this species. Again, the pollen of a plant of Verb>u<um nigrum 
grown in a pot was found by Gartner ” capable of fertilising V. 
IgdtHitit and V. autlriaeum ; the ovules could be fertilised by the 



” * Jeoaischa ZeitKhrift furNAtor- NatoralUt,* 1874, p. 223. 

Witt.’ B. vii. p. 22, 1872, and p. 441, ” ‘ Baatarderzengang,* a. 64, 357. 
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pollen of K thaptu» ; but the flowore could not be fertilised by their 
own pollen. Kolreuter, also,’* gives the case of throe g^irden plants 
of VerboKum phanieeum, which hore during two years many flowers ; 
these he fertilised successfully with the pollen of no less than 
four distinct species, but they produced not a seed with their own 
apparently good pollen ; sub^uently thes^ same plants, and others 
rai^ from seed, assumed a strangely fluctuating condition, being 
temporarily sterile on the male or female side, or on both sides, and 
sometimes fertile on both sides ; but two of the plants were perfectly 
fertile throughout the summer. 

With Baetla odoruta I have found certain individuals quite sterile 
with their own pollen, and so it is with the indigenous Iteaeila lutea. 
The self-sterile plants of both species were perfectly fertile when 
crossed with pollen from any other individual of the same species. 
These observations will hereafter bo published in another work, in 
which 1 sludl also show that seeds sent to mo by Fritz Muller 
produced by plants of Etchtcholizia caUfornia which were quite 
self-sterile in Brazil, yielded in this country plants which were only 
slightly self-sterile. 

It appears’* that certain flowers on certain plants of Lilium 
candidum can be fertilised more freely by pollen from a distinct 
individual than by their own. So, again, with the varieties of the 
potato. Tinzmann,’* who made many trials with this plant, says 
that pollen from another variety sometimes “exerts a jiowerful 
" influence, and I have found sorts of potatoes which would not 
" bear seed from impregnation with the pollen of their own flowers 
“ would bear it when impregnated with other pollen.” It does 
not, however, appear to have been proved that the pollen which 
failed to act on the flower’s own stigma was in itself good. 

In the genus Fassiflora it has long been known that several 
species do not produce fruit, unless fertilised by pollen taken from 
£stinct species: thus, Mr. Mowbray” found that he could not get 
fimit from /’. o/ata and racemoM except by reciprocally fertilising 
them with each other’s pollen ; and similar facts have been observed 
in Germany and France.’* I have received two accounts of P. 
ifuadrangiildrit never producing fruit from its own pollen, but 
doing BO freely when fertilised in one case with the pollen of P. 
owndea, and in i " 



tt another case with that of /'. edulis. 






’• ‘Zweite Fortsetrnng,’ «. 10; 
‘ Dritte Fort*.,’ «. 40. Mr. Scott like- 
wise fertilised fifty-four flowers of 
Fer6ascum phaniemm, including two 
varieties, with their own pollen, and 

Many of the pollen - grains emitted 
their tubes, but only a few of them 
penetrated the stigmas ; some alight 
effect however was produced, as many 



developed : ‘ Journal Asiatic Soc. Ben- 
gal,' 1867. p. 150. 

'* Duvemoy, quoted by Gartner, 
* Bastarderaeugung,’ s. 334. 

’• ‘ Gardener’s Chronicle,’ 1846, p. 
183. 

" ‘ Transact. Hort. Soc.,’ vol. vii., 
18.30, p. 9.5. 

'• Prof. Lecoq, ‘ De la Fecondation,’ 
1845, p. 70; Gartner, ‘Bastarder- 
aeugung,’ a 64. 
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other cased this species fruited freely when fertilised with its own 
pollen ; and the writer in one ease attributed the favourable result 
to the temperature of the house having l>ecn raised from 5° to 10° 
Fahr. above the former temperature, after the flowers were fertilised.™ 
With respect to /'. lann/ulia, a cultivator of much experience has 
recently remarked** that the flowers “must lie fertili^ with the 
pollen of P. ctrruiea, or of some other common kind, as their own 
pollen will not fertilise them.” But the fullest details on this 
subject have lieen given by Messrs. Scott and Bobortson Munro 
plants of Ptmijiora racemota, canilea, and alata flowered profusely 
during many years in the Botanic Gardens of Edinburgh, and, 
though repeatMly fertilised with their own rollen, never produced 
any s^ ; yet this occurred at once with all three species when they 
were crossed together in various ways. In the case of P. arrulea 
tlirec plants, two of which grew in the Botanic Gardens, were all 
rendered fertile, merely by impregnating each with pollen of one of 
the others. The same result was attaint in the same manner with 
P. alata, but with only one plant out of three. As so many self- 
sterile species of Possiflora have been mentioned, it should be 
stated that the flowers of the annual J‘. gracilis are nearly as fertile 
with their own pollen as with that from a distinct plant; thus 
sixteen flowers spontaneously self-fertilised produced fruit, each 
containing on an average 21‘8 seed, wliilst fruit from fourteen 
crossed flowers contained 24'1 seed. 

Returning to P. alula, I have received (1866) some interesting 
details from Mr. Bobertson Munro. Three plant^ including one in 
England, have already been mentioned which were inveterately 
self-sterile, and Mr. Munro informs me of several others which, 
after repeated trials during many years, have been found in the 
same predicament. At some other pla^, however, this species 
fruits readily when fertilised with its own pollen. At Tayrouuth 
Castle there is a plant which was formerly grafted by Mr. Donaldson 
on a distinct species, name unknown, and ever since the operation 
it has produced fruit in abundance by its own pollen ; so that this 
small and unnatural change in the state of this plant has restored 
its self-fertility ! Some of the seedling from the Taymonth Castle 
plant were found to be not only sterile with their own pollen, but 
with each other’s pollen, and with the pollen of distinct sppcics. 
Pollen from the Taymouth plant failed to fertilise certain plants of the 
same species, but was successful on one plant in the Edinburgh 
Botanic Gardens. Seedlings were raised from this latter union, and 
some of their flowers were fertilised by Mr. Munro with their own 
pollen ; but they were found to be as self-impotent as the mother- 
plant had always proved, except when fertilised by the grafted 



" ‘0.rd. Chron.,’ 1868, p. 1341. 

•* ‘Guden«r’a Chron.,’ 1866, p, 
1068. 

•> ‘Journal of Proc. of Linn. Soc.,’ 



Tol. Tiii., 1864, p. 1168. Mr. Kobert- 
«on Munro, in ‘ Tram. Hot. Soc.’ of 
Edinburgh, vol. ix. p. 399. 
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Taymouth plant, and except, as we shall see, when fertilised by her 
own seedlings. For Mr. Munro fertilised eighteen flowers on the self- 
impotent mother-plant with jiollon from these her own self-impotent 
seedlings, and obtained, remarkable as the fact is, eighteen fine 
capsules full of excellent seed I I hare met with no case in regard 
to plants which shows so well as this of alula, on what small and 
mysterious causes complete fertility or complete sterility depends. 

The facts hitherto given relate to the much-lessened or 
completely destroyed fertility of pure species when impreg- 
nated with their own pollen, in comparison with their 
fertility when impregnated by distinct individuals or distinct 
species ; but closely analogous facts have been observed with 
hybrids. 

Herbert states” that having in flower at the same time nine 
hybrid Hippeastrums, of complicated origin, descended from 
several species, he found that “ almost every flower touched with 
“ pollen from another cross produced seed abundantly, and those 
" which were touched with tneir own ])ollen either failed entirely, 
“ or formed slowly a pod of inferior size, with fewer seeds.” In 
the * Horticultural Journal ’ ho adds that " the admission of the 
" pollen of another cross-bred Hippeastrum (however complicated 
“ the cross) to any one flower of the number, is almost sure to 

check the fructification of the others.” In a letter written to mo 
in 1839, Dr. Herbert says that he had alrea<ly tried these experi- 
ments during five consecutive years, and he subsequently repeated 
them, with the same invariable result. He was thus led to make an 
analogous trial on a pure species, namely, on the Hij^nlntmaulicum, 
which ho had lately imported from Brazil: this bulb produced 
four flowers, three of which were fertilised by their own pollen, and 
the fourth by the pollen of a triple cross between II. hilbulmum, 
reginre, and vitlalum ; the result was, that " the ovaries of the three 
“ first flowers soon ceased to grow, and after a few days perished 
" entirely : whereas the pod impregnated by the hybrid made 
" vigorous and rapid progress to maturity, and bore good seed, 
" which vegetated freely.” This is. indeed, as Herbert remarks, 
" a strange truth,” but not so strange as it then appeared. 

As a confirmation of these statements, I may add that Mr. M. 
Mayes,” after much experience in crossing the snocics of Amaryllis 
(Hippeastrum), says, “ neither the species nor the hybrids will, we 
“ are well aware, produce seed so abundantly from their own 
“ pollen as from that of others.” So, again, Mr. Bidwell, in Now 



” ‘ Amarvllidac**!,’ 1837, p. 371 ; ” Loudon’s ‘Gardener’s Magazine,* 

‘Journal of Hort. Soc.,’ vol. ii., 1817, vol. zi., 1835, p. 260. 
p. 19. 
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Sonth 'WaloB aascrta that Amaryllit belladonna bears many more 
seeds when fertilised by the pollen of Bmn»tngia{Amnrylji»ot some 
anthors) jomjthinae or of li. multiflora, than when fertilised by its 
own pollen. Mr. Benton dusted four flowers of a Cyrtanthus with 
their own pollen, and four with the pollen of Vallobi (Amaryllit) 
purjmrea ; on' the seventh day “ those which received their own 
“ pollen slackcnisl their growth, and ultimately perished ; those 
“ which were crossed with the Vallota held on.”“ These latter cases, 
however, relate to uncrossed species, like those before given with 
respect to Passiflora, Orchids, &c., and are here referred to only 
because the plants belong to the same ^up of Amaryllidacete. 

In the experiments on the hybrid Hippeastmms, if Herbert had 
found that the pollen of two or three kinds alone had been more 
efficient on certain kinds than tlicir own pollen, it might have been 
argued that these, from their mixed parent^e, had a closer mutual 
affinity than the others ; but this explanation is inadmissible, for 
the trials were made reciprocally hackwarda and forwards on nine 
disrereiit hybrids; and a cross, whichever way taken, always proved 
highly beneficial. 1 can odd a striking and analogous case from 
experiments made by the Bov. A. Kawson, of Bromley Common, 
with some complex hybrids of Gladiolus. This skilful horticul- 
tnri.st possessed a numl>er of French varieties, diflering from each 
other only in the colour and size of the flowers, all descended from 
Gandavensis, a well-known old hybrid, said to lie descended from 
O. nalalentit by the iiollen of Q. oiipotiliflvrut.'* Mr. Bawson, after 
repeated trials, found that none of the varieties would set seed with 
their own pillen, although taken from distinct plants of tlie same 
variety (which had, of course, lieen propagated by bulbs), but that 
they all seeded freely with pollen from any other variety. To give 
two examples : Opliir did not produce a capsule with it? own pollen, 
but when fertilised with that of Janire, Breuchleyensis, Vulcain 
and Linne, it produced ten fine capsules ; but the pollen of Ophir 
was good, for when Linnd was fertilised by it seven capsules were 
produced. This latter variety, on the other hand, was utterly 
barren with its own pollen, which we have seen was perfectly 
efficient on Ophir. Altogether, Mr. Bawson, in the year 18C1, 
fertilise*! twenty-six flowers borne by four varieties with pollen 
taken from other varieties, and every single flower produced a fine 
seed-capsule; whereas fifty-two flowers on the same plants, fertilised 
at the same time with their own pollen, did not yield a single scod- 
capsulo. Mr. Bawson fertilised, in some cases, the alternate flowers, 



•• ‘Gardener’* Chronicle,’ 1850, p. 
470. 

“ ‘ Journal Hort. Soc.,’ vol. v. p. 
155. The Medlinga thu* raised were 
giren to the Hort. Soc. ; but 1 find, on 
inquiry, that they unfortunately died 

** Hr. l>. Beaton, in ‘Journal of 



Hort.,’ 1861, p. 45,5. Lecoq, however 
(‘ De la F4cond.,’ 1862, p. 368), aUte* 
that thi* hybrid U deacended from 
O. ptiUadnut and oardinalit ; but thi* 
i* oppoeed to Herbert'* eiperience, 
who found that the former species 
could not be crossed. 
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and in other caaes ail those down one side of the spike, with pollen 
of other varieties, and the reniaininf! flowers with their own pollen. 
I saw these plants when the capsules were nearly mature, and 
their curious arrangement at once brought full conviction to the 
mind that an immense advantage had been derived from crossing 
these hybrids. 

Lastly, I have heard from Dr. E. Bomet, of Antibes, who has 
made numerous experiments in crossing the spooies of Cistns, but 
has not yet published the rcsidts, that, when any of those hybrids 
are fertile, they may be said to be, in regard to function, dioecions; 
“ for the flowers are always sterile when the pistil is fertilised by 
“ pollen taken from the same flower or from flowers on the same 
“ plant But they are often fertile if pollen be employed from a 
" distinct individual of the same hybrid nature, or from a hybrid 
“ made by a reciprocal cross.” 

ConcliMim . — That plants should 1x3 solf-storilo, although 
both sexual elements are in a fit state for reproduction, appears 
at first sight opposed to all analogy. With respect to the 
species, all the individuals of which are in this state, although 
living under their natural conditions, we may conclude that 
their self-sterility has been acquired for the sake of effectually 
preventing self-fertilisation. The case is closely analogous 
with that of dimorphic and trimorphic or heterostyled plants, 
which can be fully fertilised only by plants belonging to a 
different form, and not. as in the foregoing cases, indifferently 
by any other individual of the species. Some of the.-o hetero- 
styled plants are comjdetely steiile with pollen taken from 
the same plant or from the same foim. With resjrect to 
species living under their natural conditions, of which only 
certain individuals are scif-sterilo (as with Beieda luted), it 
is probable that these have been rendered self-sterile to ensure 
occasional cross-fertilisation, whilst other individuals have 
lemained self-fertile to ensure the propagation of the species. 
The case seems to be parallel with that of plants which 
produce, as Hermann MUller has discovererl, two forms 
— one Ixsaring more conspicuous flowers with their stiuctnre 
adapted for cross-fertilisation by insects, and the other form 
with less conspicuous flowers adapted for self-fertilisation. 
The self-sterility, however, of some of the foregoing ]>lants 
is incidental on the conditions to which they have been 
subjected, as with the Eschscholtzia, the Verbagenm phae- 
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niceum (the sterility of which varied according to the season), 
and with the Patgiflora alata, which recovered its self-fertility 
when grafied on a different stock. 

It is interesting to observe in the above several oases the 
gradnated series from plants which, when fertilised by their 
own pollen, yield the full number of seeds, but with the 
seedlings a little dwarfed in stature — to plants which when 
self-fertilised yield few seeds— to those which yield none, 
but have their ovaria somewhat developed — and, lastly, to 
those in which the plant’s own pollen and stigma mutually 
act on one another like poison. It is also interesting to 
oliservo on how slight a difference in the nature of the pollen 
or of the ovules complete self-sterility or complete self-fertility 
must depend in some of the above cases. Every individual 
of the self-sterile species appears to be capable of producing 
the full complement of seed when fertilised by the pollen of 
any other individual (though judging from the facts given 
with respect to Abutilon the nearest kin must bo excepted) ; 
but not one individual can be fertilised by its own pollen. 
As every organism differs in some slight degree from every 
other individual of the same species, so no doubt it is with 
their pollen and ovules ; and in the above cases we must 
believe that complete solf-sterility and complete self-fertility 
depend on such slight differences in the ovules and pollen, and 
nut their having been differentiated in some special manner 
in relation to one another ; for it is impossible that the sexual 
elements of many thousand individuals should have been 
specialised in relation to every other indiA-idual. In some, how- 
ever. of the above aises, as with certain Passifloras, an amount 
of differentiation between the pollen and ovules sufficient 
for fertilisation is gained only by employing pollen from a 
distinct 8pt!cies ; but this is probably the result of such plants 
having been rendered somewhat sterile from the unnatural 
oonditions to which they have been exjmsed. 

Exotic animals confined in menageries am sometimes in ' 
nearly the same state as the aliove-described self-impotent 
plants : for, as we shall see in the following chapter, certain 
monkeys, the larger carnivora, several finches, geese, and 
pheasants, cross together, (piito as freely as, or even more 
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freely than the individuals of the same species breed together. 
Cases wiU, also, bo given of sexual incompatibility between 
certain male and female domesticated animals, which, never- 
theless, are fertile when matched with any other individual 
of the same kind. 

In the early part of this chapter it was shown that the 
crossing of individuals belonging to distinct families of the 
same race, or to different races or species, gives increased size 
and constitutional vigour to the offspring, and, except in the 
case of crossed species, increased fertility. The evidence 
rests on the universal testimony of breeders (for it should bo 
observed that I am not here speaking of the evil results of 
close interbreeding), and is practically exemplified in the 
higher value of cross-bred animals for immediate consump- 
tion. The good results of crossing have also been demon- 
strated with some animals and with numerous plants, by 
actual weight and measurement. Although animals of pure 
bloo<l will obviously be deteriorated by crossing, as far as 
their characteristic qualities are concern^, there seems to be 
no exception to the rule that a<lvantages of the kind just 
mentioned are thus gained, even when tliere has not Ixsen any 
previous close interbreeding; and the rule apjdies to such 
animals as cattle and sheep, which can long resist breeding 
in-and-in between the nearest blood-relations. 

In the case of crossed species, although size, vigour, pre- 
cocity, and hardiness are, with rare exceptions, gained, fer- 
tility, in a greater or less degree, is lost ; but the gain in the 
above respects can hardly be attributed to the principle of 
compensation ; for there is no close parallelism between the 
increased size and vigour of hybrid offspring and their 
sterility. Moreover, it has been clearly proved that mongrels 
which are perfectly fertile gain these same a»lvantiiges as well 
as sterile hybrids. 

With the higher animals no special adaptations for ensuring 
occasional crosses between distinct familic-s seem to exist. 
The eagerness of the males, loading to severe competition 
between them, is sufficient ; for even with gregarious animals, 
the old and dominant males will be dispossessed after a time, 
and it would be a mere chance if a closely related member 
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of the same family were to bo the victorious successor. The ' 
structure of many of the lower animals, when they are 
hermaphrodites, is such as to prevent the ovules being fer- 
tilised by the male element of the same individual ; so that 
the concourse of two individuals is necessary. In other cases 
the access of the male element of a distinct individual is 
at least possible. With plants, which are afSxed to the 
ground and cannot wander from place to place like animals, 
the numerous adaptations for cross-fertilisation are wonder- 
fully perfect, as has been admitted by every one who Lae 
studied the subject. 

The evil consequences of long-continued close interbreeding 
are not so easily recognised as the good effects from crossing, 
for the deterioration is grailual. Nevcrtheloss, it is the 
general opinion of those who have had most experience, 
especially with animals which propagate quickly, that evil 
does inevitably follow sooner or later, but at different rates 
with different animals. No doubt a false belief may, like a 
superstition, prevail widely ; yet it is difficult to supixieo that 
so many acute observers have all been deceived at the expense 
of much cost and trouble. A male animal may sometimes be 
paired with his daughter, granddaughter, and so on, even for 
seven generations, without any manifest l>ad result : but the 
experiment has never been tried of matching brothers and 
sisters, which is considered the closest form of interbreeding, 
for an equal number of generations. There is good reason to 
believe that by keeping the members of the same family in 
distinct bodies, especially if exposed to somewhat different 
conditions of life, and by occasionally crossing these families, 
the evil results of interbreeding may be much diminished or 
quite eliminated. These results are loss of constitutional 
vigour, size, and fertility; but there is no necessary dete- 
rioration in the general form of the body, or in other good 
qualities. We have seen that with pig.s first-rate animals 
have been produced after long-continued close interbreeding, 
though they had become extremely infertile when paired 
with their near relatione. The loss of fertility, when it 
occurs, seems never to be absolute, but only relative to 
animals of the same blood ; so that this sterility is to a certain 
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extent analopcons with that of self-impotent plants which 
cannot be fertilised by their own pollen, but are perfectly 
fertile with pollen of any other individual of the same species. 
'ITie fact of infertility of this jieculiar nature being one of the 
lesults of long-continued interbreeding, shows that inter- 
breeding does not act merely by combining and augmenting 
various morbid tendencies common to both parents; for 
animals with such tendencies, if not at the time actually ill, 
can generally propagate their kind. Although offspring 
descended from the nearest blood-relations are not necessarily 
deteriorated in structure, yet some authors believe that they 
are eminently liable to malformations ; and this is not im- 
probable, as everything which lessens the vital powers acts 
in this manner. Instances of this kind have been recorded 
in the case of pigs, bloodhonnds, and some other animals. 

Finally, when wo consider the various facts now given 
which plainly show that good follows from crossing, and less 
])lainly that evil follows f^m close interbreeding, and when 
we bear in mind that with very many organisms elaborate 
provisions have been made for the occasional union of distinct 
individuals, the existence of a great law of nature is almost 
proved ; namely, that the crossing of animals and plants 
which are not closely related to each other is highly beneficial 
or even necessary, and that interbreeding prolonged during 
many generations is injurious. 
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CHAPTEU XVIII. 

ox THE ADVAirrAOliS AND DI8ADVANTAQES OF CHANGED 
CONDITIONS OF LIFE : STERILITY FROM VARIOD8 CADSE8. 

ON THE GOOD DERIVED PROM SLIGIIT CHANGES IN THE CONDITIONS OF LIFE 
— FTERIMTY FROM CHANGED CONTMTIOXS, IN ANIMALS, IN THEIR NATIVE 
COUNTRY AND IN MENAGERIES — MAMMALS, BIRDS, AND INSECTS — LOSS OF 
SECONDARY SEXUAL CHARACTERS AND OF INETIXCTS — CAUSES OF STERILITY 



SEXUAL INOOMrATIBIUTY OF INDIVIDUAL ANIMAI.8— STERILITT OF PLANTS 
FBOM CHANGEII CONDITIONS OF LIFE— OONTABESCENCE OF THE ANTHERS 
—MONSTROSITIES AS A CAUSE OF STERILITY— DOUBLE FLOWERS— SEEDLESS 
FRUIT— STERILITY FBOM THE EXCESSIVE DEVELOI-MENT OF THE ORGANS 
or VEOETATION— FROM LONG-CONTINUED PROPAGATION BY BUDS — IN- 
CIPIENT STERILITY THE PRIMARY CAUSE OF DOUBLE FLOWERS AND 
SEEDLESS FRUIT. 

Or the Good derived from alight Changes in the Conditions of 
Life. —In considering whether any facts were known which 
might throw light on the conclusion arrived at in tho Inst 
chapter, namely, that benefits ensue from crossing, and that 
it is a law of nature that all organic beings should cxNiasionally 
cross, it appeared to me probable that the good derived from 
slight changc-s in the conditions of life, from being an analo- 
gous phenomenon, might serve this purpose. Mo two indi- 
viduals, and still less no two varieties, are absolutely alike 
in eonstitutiun and structure ; and when the germ of one is 
fertilised by the male element of anbther, we may believe that 
it is acted on in a somewhat similar manner as an individual 
when exposed to slightly changed conditions. Now, every 
one must have observed the remarkable influence on oonva- 
lesoents of a change of residence, and no medical man doubts 
the truth of this fact. Small farmers who hold but little 
land are convinced that their cattle derive great benefit from 
a change of pasture. In the case of plants, the evidence is 
strong that a great advantage is derived frvim exchanging 
seeds, tubers, bulbs, and cuttings from one soil or place to 
another as different as possible. 
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that he has himself witnessetl decided advantage from obtaining 
bulbs of tho pnion, tubers of the potato, and various seeds, all of 
the same kind, from different soils and distant parts of England. 
He further states that with plants propagated by cuttings, as with 
tho Pelargonium, and especially the Dahlia, manifest advantage is 
derived from getting plants of the same variety, which have been 
cultivated in another place ; or , " where the extent of the place 
" allows, to take cuttings from one description of soil to plant on 
“ another, so as to afford the change that seems so necessary to the 
“ well-being of tho plants.” He maintains that after a time an 
exchange of this nature is “ forced on the grower, whether ho be 
“ prepared for it or not.” Similar remarks have been made by 
another excellent f^irdener, Mr. Fish, namely, that cuttings of the 
same variety of Calceolaria, which he obtained from a neighbour, 
‘‘ showed much greater vigour than some of his own that were 
“ treated in exactly the same manner,” and he attributed this 
solely to his own plants having become “ to a certain extent worn 
*• out or tired of their quarters.” Something of this kind appar- 
ently occurs in pmfting and budding fruit-trees ; for, accordiug to 
Mr. Abbey, grafts or buds generally take with greater facility on 
a distinct variety or oven species, or on a stock previously grafted, 
ttan on stocks raised from seeds of the variety which is to be 
grafted ; and he believes this cannot be altogether explain^ by 
the stocks in question l>eing better adapted to the soil and climate 
of tho place. It should, however, lie added, that varieties grafted 
or budded on very distinct kinds, though they may take more 
readily and grow at first more vigorously than when grafted on 
closely allied stocks, afterwards often become unhealthy. 

I have studied M. Tessier’s careful and elaborate experiments," 
made to disprove the common lielief that good is derived from a 
change of seed ; and he certainly shows that the same seed may 
with care bo cultivated on the same farm (it is not stated whether 
on exactly tho same soil) for ten consecutive years without loss. 
Another excellent observer. Colonel Le Contour,’ has come to the 
same conclusion ; but then he expressly adds, if the same seed be 
ns^, ” that which is grown on land manured from tho mixen one 
“ year becomes seed for land prepared with lime, and that again 
'• becomes seed for land dressed with ashes, then for land dressed 
“ with mixed manure, and so on.” But this in effect is a systematic 
exchange of seed, within the limits of the same farm. 

On the whole the belief, which has long been held by many 
cultivators, that good follows from exchanging seed, tubers, 
&c., seems to be fairly wdl founded. It seems hardly credible 
that the advantage thus derived can be due to the seeds, 
especially if very small ones, obtaining in one soil some 

• •Him. de I’Acad. des Science*,’ ’ ‘On the Varietie* of Wheat,’ p- 
1790, p. 209. 52. 
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chemical element deficient in the other and in sufficient 
quantity to influence the whole after-ppxjwth of the plant. 
As plants after once germinating ai-e fixed to the same spot, 
it might have been anticipated that they would show the 
good eficcts of a change more plainly than do animals which 
continually wander about ; and this apparently is the case. 
Life depending on, or consisting in, an incessant play of the 
most complex forces, it would appear that their action is 
in some way stimulated by slight changes in the circum- 
stances to which each organism is exposed. All forces through- 
out nature, as Mr. Herljert Spencer* remarks, tend towards 
an equilibrium, and for the life of each organism it is neces- 
sary that this tendency should bo checked. These views and 
the foregoing facts probably throw dight, on the one hand, 
on the good effects of crossing the breed, for the germ will 
be thus slightly modified or acted on by new forces ; and 
on the other hand, on the evil effects of close interbreceling 
prolonged during many generations, during which the germ 
will be acted on by a male having almost identically the 
same constitution. 



Sferilitg from Changed Conditions of Life. 

I will now attempt to show that animals and plants, when 
removed from their natural conditions, are often rendered in 
some degree infertile or completely barren ; and this occurs 
even when the conditions have not been greatly changed. 
This conclusion is not necessarily opposed to that at which 
we have just arrived, namely, that lesser changes of other 
kinds are advantageous to organic beings. Our ])resent 
subject is of some imix>rtanoe, from having an intimate con- 
nection with the causes of variability. Indirectly it i>erhaps 
bears on the sterility of species when crossed : for as, on the 
one hand, slight changes in the conditions of life are favour- 
able to plants and animals, and the crossing of varieties adds 



• Mr. .‘>|wnc«r ha» fully and ably 
dUeuwad thU whede subject in his 
• Principles of Biology,’ 1864, Tol. ii. 
ch. I, In the first 'edition of my 
‘Origin of Species,’ 18.‘>9, p. 267, I 
spoke of the good effect.-! from slight 
changes in the conditions of life and 



from ci«ss4>reeding, and of the evil 
effects from great changes in the con- 
ditions and from crossing widely dis- 
tinct forms, as a series of lacts “ con- 
nected together by some common but 
unknown bond, which is essentially 
related to the principle of life.” 
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to the siws, ^^gour. and fertility of their o&pring; so, on the 
other hand, certain other changes in the conditions of life 
cause sterility; and as this likewise ensues from crossing 
mnch-nuHlihcil forms or species, we have a parallel and double 
series of facts, which ap]>areutly stand in close relation to 
each other. 

It is notorious tliat many animals, though perfectly tamed, 
refuse to breed in captivity. Isidore Geofiht>y St.*Hilaire* 
consequently has drawn a broad distinction between tamed 
animab which will not breed under captivity, and truly 
domesticated animals which breed freely — generally more 
freely, as shown in the sixteenth chapter, than in a state of 
nature. It is possible and generally easy to tame most 
animals ; but exiierienoe has shown that it is difficult to get 
them to breed regularly, or even at all. I shall discuss this 
subject in detail ; but will give only those cases which seem 
most illustrative. My materials are derived from notices 
acatterol through various works, and cs]iccially from a lieport, 
kindly drawn up for me by the officers of the Zoological 
Society of London, which has csj>ecial value, as it records 
all the cases, during nine years from 1838-4*1, in wliich the 
animals were seen to couple but produced no offspring, as well 
as the cases in which they never, as far as known, coupled. 
This MS. Reixjrt I have corrected by the annual Heports 
subsequently published up to the year 1865."’ Many facts 
are pven on the breeding of the animals in that magnificent 
work, ‘Gleanings from the Menageries of Kni>wslcy Hall,’ by 
Dr. Gray. I ma<lo, also, particular inquiries from the expe- 
rienced keeper of the birds in the old Surrey Zoological 
Ganleiis. I should premise that a slight change in the treat- 
ment of animals sometimes makes a great difference in their 
fertility ; and it is probable that the results observed in 

' * EmaU de Zoologie Gdainle,' 
mi, p. 256. 






•dition of thu work, Mr. ScUtei 
paUUbrd (‘ Proc. Zoolog. Soc.,’ 1868, 
p. 623) a list of the ipecies of mam- urxo \ 

mala which hare hred in the gardens species har 
from 1848 to 1867 iaelasire. Of the hare bred. 
AltiedactjU 85 species hare been 



kept, and of these 1 species in 1*9 
hare hred at least once daring the 
20 fears; of *28 Marsnpialia, 1 in 2*5 
hare bred; of 74 Carnirora, 1 in 8*0 
hare bred; of 52 Rodentia. 1 in 4*7 
hare bred; and of Quadrumana 75 
kept, and 1 in 6*2 
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ilifferent menagories woulil differ. Indeed, some animals in 
our Zoological Gardens have become more productive since 
the year 1846. It is, also, manifest from P. Cuvier’s account 
of the Jardin des Plantes," that the animals formerly bred 
much less freely there than with ns ; for instance, in the 
Duck tribe, which is highly prolific, only one species had at 
that period produced young. 

The roost remarkable cases, however, are afforded by animals 
kept in their native country, which, though perfectly tamed, quite 
healthy, and allowed some freedom, are absolutely incapable of 
breeding. Sengger,'* who in Paraguay particularly attended to 
this subject, specifies six qnadrup^s in this condition; and ho 
mentions two or three others which m^t rarely breed. Mr. Bates, 
in Ilia admirable work on the Amazons, strongly insists on similar 
cases; '• and ho remarks, that the fact of thoroughly tamed native 
mammals and birds not breeding when kept by the Indians, cannot 
he wholly accounted for by their negligence or indifference, for 
the turkey and fowl are kept and bred by varions remote tribes. 
In almost every part of the world — for instance, in the interior of 
Africa, and in several of the Polraesian islands— the natives are 
extremely fond of taming the indigenous quadrupeds and birds; 
but they rarely or never succeed in getting them to breed. 

The most notorious cose of an animal not breeding in captivity 
is that of the elephant. Elephants are kept in large nunilicrs in 
their native Indian home, live to old age, and are vigorous enough 
for the severest labour; yet, with a very few exceptions, they have 
never been known even to couple, though both males and females 
. have their proper periodical seasons. If, however, we proceed a 
little eastward to Ava, we hear from Mr. Crawfurd '* that their 
" bree<ling in the domestic state, or at least in the half-domestic 
state in which the female elephants arc generally kept, is of every- 
day occurrence ;" and Mr. Crawfunl informs me that ho believes 
that the difference must to attributed solely to the females being 
allowed to roam the forest with some degree of freedom. The 
captive rhinoceros, on the other hand, seems from Bishop Iletor’s 
account “ to breed in India far more readily than the elephant. 
Four wild species of the horse genus have bn^ in Europe, though 
here exposed to a great change in their natural habits of life ; but 
the species have generally bwn crossed one with another. Most of 



" Dn Rot, ‘Annato du Maadam,* 
1807, tom. U. p. 120. 

'• ‘ Saugethiare von Parignay.’ 
1830, a. 49, 106, 118, 124, 301, 208, 
249, 26.% .327. 

’* ‘ The NaturilUt on the Amozona,’ 



, vol. t pp. 99, 193 ; rol. U. 

‘ Embawy to the Conrt of A 

5 . 534. 

onmal,' rol. i. p. 213. 
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tho members of tho pig family breed readily in onr menageries ; 
eren the Red River hog (l‘otamochirrut jienicillatut), from the 
sweltering plains of West Africa, has bred twice in the Zoological 
Gardens. Here also tho Peccary {OicotiiUt toryuatu*) has bred 
several times ; but another s)>ecies, the />. lahiutHM, though ren- 
dered BO tame as to lie half-domesticated, is said to breed so rarely 
in its native country of Paraguay, that according to Rengger “ 
the tact requires confirmation. Mr. Botes remarks that the tapir, 
though often kept tamo in Amazonia by the Indians, never 
breeds. 

Ruminants generally breed qnite freely in England, though 
brought from widely different climates, as may be seen -in the 
Annual Reports of the Zoological Gardens, and in the Gleanings 
from Lord Iterby’s menagerie. 

The Carnivora, with the exception of the Plantigrade division, 
brcc<i (though with capricious exceptions) about half as freely as 
rnminants. Many spenics of Folidm have bred in various mena- 
geries, although im]Mrtod from diverse climates and closely con- 
fine<l. Mr. Bartlett, tlio present 8U])erintendent of tho Zoological 
Gardens," remarks that the lion appt^ars to breed more frequently 
and to bring forth more young at a birth than any other sp^ies of 
the family. He adds that the tiger has rarely bred ; “ but there 
are several well-authenticated instances of tho female tiger breed- 
ing will) the lion." Stran;^ as the fact may appear, many animals 
under confinement unite with distinct species and produce hybrids 
quite as freely as, or oven more freely than, with their own species. 
On ini|uiring from Dr. Falconer and others, it appears that the 
tiger when confined in India does not breed, though it has been 
known to couple. The chetah (Fel« juhata) has never been 
known by Mr. Bartlett to breed in England, but it lias bred at 
Frankfort ; nor docs it breed in India, where it is kept in large 
nnmliers for hunting ; but no pains would be taken to make them 
breed, as only those animals which have hunted for themselves in 
a state of nature are serviceable and worth training." According 
to Reugger, two species of wild cats in Paraguay, though thoroughly 
tameil, have never bred. Although so many of the Fulidm breed 
readily in the Zoological Gardens, yet conception by no means 
always follows union : in the nine-year Report, various species are 
specificil which were observed to couple seventy-three times, and 
no doubt this must have passed many times unnoticed ; yet from 
the seventy-three unions only fifteen births ensued. Tho Carnivora 
in the Zoolngicul Gardeus were formerly less freely exposed to the 
air and cold tiuin at present, and this change of treatment, as I was 
assured by tho former superintendent, Mr. Miller, greatly increased 
their fertility. Mr. Bartlett, and there cannot be a more capable 



'• •Saagellii»re.’*.S27. 140. 

" On the Brecling of the larger " Sleemnn’s ‘ Hunblee in India,’ 
Kelidic, ‘ Proc. Zuolug. Soc.,’ l8tU, p. Tol. ii. p. 10. 
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judge, says, " it is remarkable that lions breed more freely in 
" travelling collections than in the Zoological Gardens ; probably 
" the constant excitement and irritation produced by moving from 
" place to place, or change of air, may have considerable influence 
“ in the matter.” 

Many members of the Dog family breed readily when confined. 
The Dhole is one of the most untamable animals in India, yet a 
pair kept there by Dr. Falconer produced young. Foxes, on the 
other hand, rarely breed, and I have never heard of such an occur- 
rence with the European fox: the silver fox of North America 
(Cam* arffontalus), however, has bred several times in the Zoo- 
logical Gardens. Even the otter has bred there. Every one 
knows how readily the semi-domesticated ferret breeds, though 
shut up in miserably small cages ; but other species of Viverra and 
Par^oxurus absolutely refuse to breed in the Zoological Gardens. 
The Genetta has bred both here and in the Jardiu dcs Plantes, and 
product hybrids. The //«rpe»<c« /a*c»Vi<«/i has likewise bred; but I 
was formerly assured that the //. gritew, though many were kept 
in the Gardens, never bred. 

The Plantigrade Carnivora breed under confinement much less 
freely than other Carnivora, although no reason can bo assigned 
for this fact. In the nine-year iteport it is stated that the bears 
had been seen in the Zoological Gardens to couple freely, but 
previously to 1848 had most rarely conceived. In the Beports 
published since this date throe species have prodncetl young 
hybrids in one case), ami, wonderful to relate, the white Polar 
bw has produced young. The badger (Mde$ has bred 

several times in the Gardens ; but I have not heard of this occurring 
elsewhere in England, and the event must be very rare, for an 
instance in Germany has been thought worth recording.'* In 
Paraguay the native Nasna, though kept in pairs during many 
years and perfectly tamed, has never been known, according to 
Rcnggcr, to brood or show any sexual passion ; nor, os I hear from 
Mr. Bates, does this animal, or the Cercoloptes, breetl in Amazonia. 
Two other plantigrade genera, Procyon and Gulo, though often 
kept tamo m Paraguay, never breed there. In the Zmlogical 
Gardens species of Nasua and Procyon have been seen to couple; 
but they did not produce young. 

As domesticated rabbits, guinea-pigs, and white mice breed 
so alnmdantly when closely confined under various climates, it 
might hare l>cen thought that most other members of the Eiodent 
order would have bred in captivity, but tliis is not the case. 
It deserves notice, as showing how the capacity to breed sometimes 
goes by affinity, that the one native rodent of Paraguay, which 
there breeds /rttly and has yielded successive generations, is the 
Cavia opera ; and this animal is so closely allied to the guinea-pig. 



'* \ViegmanD*» ‘ Archir fur Ksturgesch.,’ 1837, >. 162. 
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that it has been erroneously thought to l)o the parent form.*’ In 
the ^wl^ioal Gardena, some rodents have coupled, but have ncTor 
produceoyoung ; some have neither coupled nor bred ; but a few 
have bred, as the porcupine more than once, the Barbary monae, 
lemming, chinchilla, and agouti {Hatyprocta aguti) scTctal times. 
This latter animal has also produce<l young in Paraguay, though 
they were born dead and ill-formed ; but in Amazonia, according 
to Mr. Bates, it never breeds, though often kept tame about the 
houses. Nor docs the j)aca {Calogtnyt paca) breed there. The 
common hare when confined has, I believe, never bred in Europe ; 
though, according to-a recent statement, it has crossed with the 
rablut.*' I have never heard of the dormouse breeding in confine- 
ment. But squirrels offer a more curious case : with one exception, 
no species has bred in the Zoological Gardens, yet as many as 
fourteen individiwls of <S. ptilmarum were kept together dnring 
several years. The S. cinera has been seen to couple, but it did 
not produce young ; nor has this species, when rendered extremely 
tame in its native country. North America, been ever known to 
brec<l.” At Lord Derby’s menagerie sqnirrels of many kinds were 
kept in numbers, but Mr. Thompson, the superintendent, told me 
that none had over bred there, or elsewhere as fisr as ho knew. 
I have never heard of the English squirrel bn-eding in confinement 
But the species which has bred more than once in the Zoological 
Gardens is the one which perhaps might Imve been least exj)ected, 
namely, the flying squirrel (Sciuroj>terut votucella): it has, also, 
bre<l several times near Birmingham ; but the female never pro- 
duced more tlian two young at a birth, whereas in its native 
American homo she bears from three to six young.** 

Monkeys, in the nine-year Beport ftom the Zoological Gardens, 
arc stated to unite most freely, but dnring this period, though 
many individimls were kept, there were only seven births. 1 have 
heanl of only one American monkey, the Ouistiti, breeding in 
Europe.** A Macacus, according to Ilourens, bred in Paris ; and 



Leporidet, u daacriM by Dr. Broca 
(‘ Journal do Phyi.,’ tom. ii. p. 370), 
ba« boon pocitively deniad, y«t Dr. Pi- 
geaux (‘AnnaU and Mag. of Nat. 
Hist.’ vol. II., 1867, p. 73) affirmx that 
the hare 'and rabbit hava produced 
hybrida. 

•* ‘ Quadruped! of North America,’ 
by Audubon and Bachman, 1846, p. 
268. 

** London’! ‘Mag. of Nat. Hiat^ 
Tol. ii., 1836, p. f>71 ; Audubon and 
Baohman’a ‘Quadruped! of North 
America,’ p. 221. 

** Floorena, ‘De I'lnatinct,’ be., 
1843, p. 88. 



•• Rengger, ‘ Saugethiere,’ be., a. 
276. On the parentage of the guinea- 
pig. are alao laid. Geoffiniy St.-Hilaire, 
‘ Hiat. Nat. Gdn.’ 1 tent to Mr. H. 
Dannr of Leeda the lice which I col- 
lected from the wild aperea in La 
Plata, and he inform! me that they 
belong to a genua diatinct from thoae 
found on the guinea-pig. Thia ia 
important evidence that the aperea ia 
not the parent of the guinea-pig ; and 
ia worth giving, aa aome author! erro- 
neoualy suppoae that the guinea-pig 
■ince being domeaticated haa become 
aterile when croased with the aperea. 

*' Although the eiiatence of the 
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more than one gpeoies of this genns lias prodncod young in London, 
especially the Macacut rhamt, which everywhere shows a s^ial 
capacity to brc^ under confinement. Hybrids have been produced 
both in Paris and London from this same genus. The Arabian 
baboon, or Cynoeephalus hamaJryat*^ and a Cercopithecus have 
bred in the Zoological Gardens, and the latter species at the Duke 
of Korthumberland’s. Several members of the family of Lemurs 
have produced hybrids in the Zoolc^cal Gardens. It is much 
more remarkable that monkeys very rarely breed when confined 
in their native country ; thus the Cay(6'eJu* uzara) is fr^uently 
and completely tamed in Paraguay, but Rengger “ says that it breeds 
so rarely, that he never saw more than two females which had 
produced young. A similar observation has been made with respect 
to the monkeys which are frequently tamed by the aborigines in 
Brazil." In Amazonia, these animals are so often kept in a tame 
state, that Mr. Bates in walking through the streets of Para counted 
thirt^n species ; but, os he asserts, they have never boon known to 
br^ in captivity." 

Birds. 

Birds offer in some respects better evidence than quadmpe<ls, 
from their breeding more rapidly and being kept in greater 
numbers." We have seen that carnivorous animals are more 
fertile under confinement than most other mammals. The reverse 
holds good with carnivorous birds. It is said" that as many 
as eighteen species have been used in Europe for hawking, and 
several others in Persia and India;" thev have been kept in their 
native coimtry in the finest condition, and have lieen flown during 
six, eight, or nine years ; " yet there is no record of their hav^ 
ever produced young. As these birds were formerly caught whilst 
young, at great expense, being imported from lecland, Norway, 



“ Ste ‘Annual Reports Zoolog. 
Soc.’ 1855, 1858, 1863, 1864; ‘Times’ 
spnper, Aug. 10th, 1847 ; Flou- 
Ls,‘l)ennstinct,’p.85. 

•• ‘ Shugethiere,’ Sc., s. .34, 49. 

" Art. Bruit, • Penny Cyclop.,’ p. 



** ‘ The Naturalist on the Amazons,’ 
vol. 1. p. 99. 

" A list of the species of binls 
which hare bred in the Zoological 
Gardens from 1848 to 1867 inctnsire 
hu been pnbiished by Mr. Sclater 
in ‘Proc. Zoolog. Soc.,’ 1869, p. 626, 
since the first edition of this work 
appeared. Of Colnmbc 51 species 
bare been kept, and of Anseres 80 
species, and in both these families, 1 



species in 2 ' 6 have bred at least once 
in the 20 years. Of Gallina;, 83 
species hare been kept, and 1 in 2-7 
hare bred ; of 57 Grallse, 1 in 9 have 
bred; of 110 Prehensores, 1 in 22 
hare bred ; of 178 Passeres, 1 in 
25-4 hare bred; of 94 Accipitres, 
1 in 47 have bred ; of 25 Picarise, and 
of 35 Herodiones, not one species in 
either group has bred. 

» ‘ Encyclop. of Rural Sports,’ p. 
691. 

According to Sir A. Burnes 
(‘Cabool,’ iic.. p. 51X eight species 
are used for hawking in Sinde. 

” Loudon’s ‘Hag. of Nat. HUt.,’ 
Tol Vi., 1833, p. 110. 
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and Sweden, there can be little doubt that, if possible, they would 
have bwn propagated. In the Jardin des Plantes, no bird of prey 
has been known to couple.” No hawk, vulture, or owl has ever 
wwduced fertile eggs in the Zoological Gardens, or in the old Surrey 
Gardens, with the exception, in the former place on one occasion, 
of a condor and a kite niger). Yet several species, namely, 

the Aqui/a futca, llaliuxtvx leucoaphalut, Fako tinnnnculun, F. e«b~ 
bttteo, and Iluteo vulgaris, have been seen to couple in the Zioological 
Gardens. Mr. Morris ** mentions os a unique fact that a kestrel 
(Noico tinnunculus) bred in an aviary. The one kind of owl which 
has been known to couple in the Zoological Gardens was the Eagle 
Owl {Bubo mnxitnus) ; and this sp^ics shows a special inclination 
to breed in captivity; for a pair at Arundel Castle, kept more 
nearly in a state of nature “ than ever fell to the lot of an animal 
deprived of its liberty,” “ actually reared their young. Mr. Gurney 
has given another instance of this same owl bree^ng in conlluemeut ; 
and he records the case of a second species of owl, the btriz passerina, 



breeding in captivity.* 

Of the smaller graminivorous birds, many kinds have lx!cn kept 
tame in their native countries, and have lived long ; yet, ns the 



highest authority on cage-birds” remarks, their pro]>agation is 
“ uncommonly difficult.” The canary-bird shows that there is no 
inherent difficulty in these birds breeding freely in confinement ; 
and Audubon says** that the Fringilla {bpiza) ciris of North 
America breeds as perfectly as the canary. The difficulty with 
the many finches which have been kept in confinement is all the 
more remarkable as more than a dozen species could be named 
which have yielded hybrids with the canary; but hardly any 
of these, with the exception of the siskin ( Fringilla t^nnua), have 
reproduced their own kind. Even the bullfinch (Loxia pgrrhula) 
has bred as frequently with the canary, though belonging to 
a distinct genus, as with its own species.** With respect to the 
skylark {Alaudn arventis), I have heard of birds living for seven 
years in an aviary, which never produced young; and a great 
London bird-fancier assured me that he had never known an 
instance of their breeding ; nevertheless one case has been recorded." 
In the nine-year Report from the Zoological Society, twenty-four 



•* F. Covicr, ‘ Annal. du Musdum,’ 
tom. ii. p. 128. 

** ‘The Zoologiit,’ vol. vii.-viii., 
1849-50, p. 2648. 

** Knox, ‘ Ornithological Ramhlea 

•• ‘The ZooIogUt,’ toI. vii.-viii., 
1849-50, p. 2566 ; vol. ii.-i., 1851-2, 
p. 3207. 

*’ Bechstcin, ‘ Natnrgesch. der Stu- 
benv6gel,* 1840, a. 20. 



*• ‘Ornithological Biography,’ vol. 

*• A ca.se ia n-corded in ‘ The Zoo- 
logist,’ vol. i.-ii., 1843-45, p. 453. For 
the siskin breeding, vol. iii.-ir., 1845- 
46, p. 1075. JWhstein, ‘ 8tuben- 
vogel,’ s. 139, speaks of bnlltinches 
making nests, but rarely producing 
young. 

« Yarrell’s ‘Hist. British Birds,’ 
1839, vol. i. p. 412. 
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iiMCRKorial Rpocios are enumerated which luid not bred, and of 
thefle only four were known to luivo coupled. 

Parrots are sin)^larly long-lived birds ; and Humboldt mentions 
the enrious fact of a parrot in Sonth America, which spoke the 
lang;uago of an extinct Indian tribe, so that this bird preserved 
the sole relic of a lost language. Even in this country there is 
reason to lielieve** that ]nrrots have lived to the ago of nearly 
one hundred years; yet they breed so rarely, though many have l>ecn 
kept in Europe, that tho event lias been thought worth recording 
in tho gravest publications.** Nevertheless, when Mr. Buxton 
turned out a large number of parrots in Norfolk, three pairs bred 
and reared ten young birds in the course of two seasons ; and this 
success may be attributed to their free life,** According to Bechstein ** 
the African l‘$illaetu erithaetu breeds oRener than any other species 
in Germany : tho P. mneoa occasionally lays fertile eggs, but rarely 
succeeds in batching them; this bird, however, has tho instinct 
of inculmtion sometimes so strongly developed, that it will hatch 
the eggs of fowls or pigeons. In the Zoological Gardens and in 
tho old Surrey Gardens some few species have coupled, but, witli 
tho exception of three spocica of parrakccts, none nave broi It 
is a much more remarkable fact that in Guiana parrots of two 
kinds, as I am informed by Sir It. Schomburgk, are oRen taken 
from the nests by the Indians and reared in largo numbers ; they 
ore so tame that they fly freely altont the houses, and come when 
called to be fed, like pigeons ; yet he has never heard of a single 
instance of their breeding.** In Jamaica, a resident naturalist, 
Mr. R. Hill,** says, “no birds more readily submit to human 
“dependence than the parrot-tribe, but no instance of a parrot 
“ breeding in this tame life has lieen known yet.” 3Ir. Hill specifies 
a number of other native birds kept tame in the West Indies, which 
never breed in this state. 

Tho great pigeon family offers a striking contrast with the parrots : 
in tho nine-year Report thirteen species are recorded as having 
bred, and, what is more noticeable, only two were seen to couple 
without any resnlt. Since the above date every annual Report 
gives many cases of various pigeons breeding. The two magnificent 
crowned pigeons (Ooura coromita and vicloria) produced hybrids; 



•' Lonilon's ‘ Mag. of Xat. HUtorv 
vol. xix., IMS, p. 347. 

*• ‘ MiFmoirai du Maat<um d’Hial. 
Nat.,’ turn. X. p. 314 ; lira caaaa of 
parrota broadiag in Franca ara hara 
rcconicd. Srt alao ‘ Report Brit. 
Aaaoc. ZoologV 1^3- 

•• ‘ AnnaU and Mag. of Sat. Hiat.,’ 
Nor. 1868. p. 311. 

« • StubanvOgal,’ a. 105, 83. 

** Dr. Hancock romarka (‘ Charles- 



worth’s Mag. of Nat. Hist.’ rol. 
ii., 1838, p. 492), “it is singular 
that, amongat the nnmorous useful 
birds that ara indigenous to Guiana, 
none are ibund to propagate among 
the Indians ; yet the common fowl ia 
reared in abundance throughout the 

‘T Week at Port Roval,’ 1855, 

p.7. 
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nevertheless, of the former species more than a dozen birds were 
kept, as I am informed by Mr. Crawfnrd, in a park at Penang, 
nndcr a perfectly well-adapted climate, but never once bred. The 
Coiumba migmturia in its native country. North America, invariably 
lays two eggs, but in Lord Derby’s menagerie never more than 
one. The same fact has Ixxm observed with the C. leiicor^aln.*^ 

Oallinnceons birds of many genera likewise show an eminent 
cajwcity for bree<ling nndcr captivity. This is particularly the case 
with pheasants, yet our English species seldom lays more than ten 
eggs in confinement ; whilst from eighteen to twenty is the usual 
numl)cr in the wild state.'” With the Gallinaccse, as with all other 
orders, there are marked and inexplicable exceptions in regard to 
the fertility of certain species and genera under confinement. 
Althotigh many trials have been made with the common partridge, 
it has rarely bred, even when reared in large aviaries ; and the hen 
will never hatch her own eggs.” The American tribe of Guans 
or CrocidiD are tamed with remarkable ease, but are very shy 
breeders in this country;” but with cate various species were 
formerly made to breed rather freely in Holland.*' Birds of this 
trilie are often kept in a perfectly tamed condition in their native 
country by the Indians, but they never breed.** It might liave been 
expectid that grouse from their habits of life would not have bred in 
captivity, more especially as they are said soon to languish and 
die.** Hut many cases arc recorded of their breeding: the caper- 
cailzie {Tetnio urogiiUiit) has bred in the Zoological Gardens; it 
breeds without much difficulty when confined in Norway, and in 
Russia five successive generations have been reared : Tttiao Utrix 
has likewise bred in Norway ; T. kxA'Ch* in Ireland ; T. umbMut at 
Lonl Derby’s; and T. cupido in North America. 

It is scarcely possible to imagine a greater change in habits than 
that which the members of the ostrich family must suffer, when 
cooped up in small enclosures nndcr a temperate climate, after 
freely roaming over desert and tropical plains or entangled forests; 



" Aodulxin, ‘Ameriuan Oraith- 
ology,’ vol. V. pp. 55i, 537. 

“ Moubmy on Poultry, 7th edit., 
p. 133. 

*• Temminck, ‘ Hi»t. N»t. G4n. de* 
Pigeon.,’ Ac., 18i:i. tom. iii. pp. 288, 
S8'2; ‘Annal. and Mng.ofNut. HUt.,’ 
Tol. xii., 1843, p. 453. Other species 
of partrkige hare occasionally bred ; 
as the led-leggol (P. ruAra), when 
kept in a large court in Prance (see 
‘Journal de Phvsiqne,’ tom. xsv. p. 
■294), and in the Zoological Gardens 
in 1856. 

•• Her. E. S. Dixon, ‘The Dove- 
cote,’ 1851, pp. 243-252. 



*• Temminck, ‘ Hist. Nat. Gin. dee 
Pigeons,’ ic., tom. ii. pp. 456, 458 ; 
tom. iii. pp. 2, 13, 47. 

** Bates, ‘The Naturalist on the 
Amazons,’ vol. t p. 193; vol. it p. 

*• Temminck, ‘ Hist. Nat. Gin. ’be., 
tom. ii. p. 125. For rwrao urc^u/Zus, 
L. Lloyd, ‘ Field Sports of North 
of Europe,’ vol. L pp. 287, 314 ; and 
‘ Bull, de la Soc. d’Acclimat.,’ tom. 
viL, 1860, p. 600. For T. sodicus, 
Thompson, ‘Nat. HUt. of Ireland,’ 
vol. ii. 1850, p. 49. For T. cupido, 
‘ Boston Journal of Nat. Hist.,’ vo . 
iii. p. 199. 
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yet almost all the kinds have frequently produced young in the 
various European menageries, even the mooruk(Cas««r»«ii beaiKtif) 
from Xew Ireland. The African ostrich, though perfectly healthy 
and living long in the South of France, never lays more than from 
twelve to fifteen e^, though in its native country it lays from 
twenty-five to thirty.** Here we have another instance of fertility 
impaired, but not lost, under confinement, as with the flying 
squirrel, the hen-pheasant, and two species of American pigeons. 

Most Waders can bo tamed, as the Rev. E. S. Dixon informs me, 
with remarkable facility ; but several of them are short-lived under 
confinement, so tliat their sterility in this state is not surprising. 
The cranes breed more readily than other genera : Grvt numtigraia 
has bred several times in Paris and in the Zoological Gardens, as 
has Q. cinerea at the latter place, and G. untigone at Calcutta. Of 
other members of this great order, Tetraptrryx jtaradiieii has bred 
at Knowsley, a Porphyrio in Sicily, and the GuUiwda citloropus in 
the Zoological Gardens. On the other hand, several birds belonging 
to this order will not breed in their native country, Jamaica ; and 
the Psophia, though often kept by the Indians of Guiana about 
tlieir houses , " is seldom or never known to breed.” “ 

The members of the great Duck family breed as readily in 
confinement as do the Columhoi and Gallinm; and this, considering 
their aquatic and wandering habits, and the nature of their food, 
could not have been ontici])ated. Even some time ago alwvc two 
dozen species luid bred in the Zoological Gardens ; and M. Selys- 
Longchampshas recorded the production of hybrids from forty-four 
different members of the family ; and to these Professor Kewton has 
added a few more cases." “ There is not,” says Mr. Dixon,” “ in 
the wide world, a goose which is not in the strict sense of the word 
domesticable that is, capable of breeding under confinement ; 
but tliis statement is protebly t<x) l»old. The capacity to breeel 
sometimes varies in individuals of the same species; thus Audubon** 
kept for more than eight years some wild gee^ cati'idnui»), 

but they would not mate; whilst other individuals of the same 
S)>ecie8 produced young during the second year. I know of but one 
instance in the whole family of a species which alwolutely refuses 
to breed in captivity, namely, the Dendrorygna viduata, although, 
according to Sir R. Schomburgk," it is easily tamed, and is 
frequently kept by the Indians of Guiana. Lastly, with respect 



Marcel de Serre*, ‘Anniilea dee 
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lir. Hancock, in • ChnrleswoTth’e 
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to Gulls, though inan.v have been kept in the Zoological Gardens 
and in the old Surrey Gardens, no instance was known before the 
vear ISIS of their coupling or breeding; but since that period the 
herring gull U.ant» argentatut) has bred many times in the 
Zoological Gardens and at Knowsley. 

There is reason to believe that insects are affected by confinement 
like the higher animals. It is well known that the Sphingidas 
rarely luctHl when thus treated. An entomologist ** in Paris kept 
twenty-five specimens of tiatumia j>yn, but did not succeed in 
getting a single fertile egg. A number of females of itrthmia mumia 
and of Mamtitni mam reared in confinement were unattractive to 
the males.*' Mr. Newpoi-t kept nearly a hundred individuals of 
two species of Vanessa, but not one paired ; this, however, might 
have been due to their habit of coupling on the wing." Mr. 
Atkinson could never succeed in India in making the Tarroo silk- 
moth breed in confinement." It appears that a nnmlicr of moths, 
especially the Sphingidm, when hatclied in the autumn out of their 
proper season, are completely barren ; but tliis latter case is still 
mvolve<l in some olwcnrity.** 



Independently of the fact of many animals under confine- v 
ment not coupling, or, if they couple, not producing young, 
there is evidence of another kind that their sexual functions 
are disturlied. For many cases have been recorded of the 
loss by male birds when confined of their characteristic plu- 
mage. Thus the common linnet (Linota eannahina) when 
caged does not acquire the fine crimson colour on its breast, 
and one of the buntings (^Emberiza fatterina) loses the black 
on its head. A Pyrrhula and an Oriolus have been observed 
to assume the quiet plumage of the hen-bird ; and the Falco 
alhiilut returned to the dress of an earlier age.“ Mr. Tliomp- 
son, the suiMjrintendent of the Knowsley menagerie, inform^ 
mo that he had often observed analogous facts. The horns 
of a male deer {Certut caruuhntit) during the voyage from 
America were bmlly developed; but subsequently in Paris, 
perfect bums were producwl. 



" Lomlon’* ‘ M»g. of Nat. Hi»t.,’ 
rol. V., 1832, p. 153. 

•> ‘ZoologUt,’ Tola. v.-vi., 1847-48, 

p. 1660. 

" ‘ Transact. Entomoing. Soc.,’ vol. 
It.. 1845, p. 60. 

" ‘Transact. Linn. Soc.,’ vol. viL 
p.40. 

*' See an interesting paper by Mr. 
Newman, in the ‘Zoologist,’ 1857, p. 



5764; and Dr. Wallace, in ‘Proc. 
Entomolog. Soc.,’ June 4th, 1860, p. 
119. 

" Yarrell’s ‘British Birds,’ vol. L 
p. 506; Bechstein, ‘ StubenvOgel,’ a. 
185 ; ‘ Philosoph. Transact,’ 1772, p. 
27 1. Bronn (‘ Geschichte der Natnr,’ 
Band ii. a. 96) has collected a number 
of cases. For the case of the deer, tee 
‘ Penny Cyclop.,’ vol. viii. p. 350, 
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When conception takes place under confinement, the young 
arc often bom dead, or die soon, or are ill-formed. This 
frequently occurs in the 2ioological Gardens, and, according to 
llcngger, with native animals confined in Paraguay. The 
mother’s milk often fails. We may also attribute to the dis- 
turlianoe of the sexual functions the frequent occurrence of 
that monstrous instinct which leads the mother to devour her 
owi offspring,— a mysterious case of perversion, as it at first 
appears. 

SufiBcient evidence has now been advanced to prove that 
animals when first confined are eminently liable to suffer in 
their reproductive sj’stems. We feel at first naturally inclined 
to attribute the result to loss of health, or at least to loss of 
vigour : but this view can hardly bo admitted when wo 
reflect how healthy, long-lived, and vigorous many animals 
are under captivity, such as parrots, and hawks when used for 
hawking, chotahs when used for hunting, and elephants. The 
reproductive organs themselves are not diseased ; and the 
diseases, from which animals in menageries usually iierish, 
are not those which in any way affect their fertility. No 
domestic animal is more subject to disease than the sheep, yet 
it is remarkably prolific. 'ITie failure of animals to breed 
under confinement has been sometimes attributed exclusively 
to a failure in their sexual instincts : this may occasionally 
come into play, but there is no obvious reason why this 
instinct should be especially liable to be affected with per- 
fectly tamed animals, except, indeed, indirectly through the 
reproductive system itself being disturbed. Moreover, 
numerous cases have been given of various animals which 
couple freely under confinement, but never conceive; or, if 
they conceive and produce young, these are fewer in number 
than is natural to the species. In the vegetable kingdom 
instinct of course can play no part ; and we shall presently see 
that plants when remov«xl from their natural conditions are 
affected in nearly the same manner as animals. Change of 
climate cannot be the cause of the loss of fertility, for, whilst 
many animals imported into Euroiie from extremely different 
climates breed freely, many others when confined in their 
native land are completely sterile. Cliango of food cannot be 
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the chief cause ; for ostriches, ducks, and many other animals, 
which must have undergone a great change in this respect, 
breed freely. Carnivorous birds when confined are extremely ■ 
sterile , whilst most carnivorous mammals, except jdantigrades, 
are moderately fertile. Nor can the amount of food be the 
cause ; for a sufficient supply will certainly be given to valuable 
animals ; and there is no reason to suppose that much more 
food would bo given to them than to our choice domestic 
productions which retain their full fertility. Lastly, wo may 
infer from the case of the elephant, chetah, various hawks, and 
of many animals which are allowed to lead an almost free life 
in their native land, that want of exercise is not the sole cause. 

It would ap])oar that any change in the habits of life, what-' 
ever these habits may bo, if great enough, tends to affect in 
au inexplicable manner the ^lOwcrs of reproduction. The 
result depends more on the constitution of the species than on 
the nature of the change; for certain whole groups are 
afiected more than others ; but exceptions always occur, for 
some species in the most fertile groups refuse to breed, and 
some in the most sterile groups brood fixjely. Those animals 
which usually breed freely under confinement, rarely breed, 
as I was assuri'd, in the Zoological Gardens, within a year or 
two after their first im]xirtation. When au animal which is 
generally sterile under confinement happens to breed, the 
young apparently do not inherit this power: for had this 
been the case, various qnadrupetls' and birds, which are 
valuable for exhibition, would have become common. Dr. 
Broca even affirms •* that many animals in the Jardin des 
Plantes, after having produced young for three or four suc- 
cessive generations, become sterile ; but this may be the . 
result of too close interbreeding. It is a remarkable circum- 
stance that many mammals and birds have produced hybrids 
under confinement quite as readily as, or even more readily 
than, they have procreated their own kind. Of this fact many 
instances have been given ; *’ and we are thus reminded of 
those plants which when cultivated refuse to be fertilised by 

*■ * Journal de Phf siologie,’ tom. subject, set F. Cuvier, in ‘ Annales du 
iL p. 347. Miudum,’ tom. zii. p. 119. 

•' For additional evidence on this 
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their own pollen, hut can easily be fertilised by that of a 
distinct species. Finally, w-e must conclude, limited as the 
conclusion is, that chan^ conditions of life have an especial 
power of acting injuriously on the reproductive system. The 
whole case is quite peculiar, for these organs, though not 
diseased, are thus rendered incapable of performing their 
projier functions, or perform them imperfectly. 

(sterility of Dotnetlicutrd Animal* from ohanytti condition *. — With 
respect to domesticated animals, as their domestication mainly 
deixinds on the accident of their breeding freely under captivity, 
we ought not to expect that their reproductive system would bo 
affected by any moderate degree of change. Those orders of 
quadrupeds and birds, of which the wild species breed most readily 
in our menageries, have afforded us the greatest number of domes- 
ticated productions. Sav^es in most parts of the world are fond 
of taming animals;** and if any of these regularly produced young, 
and were at the same time useful, they would Iw at once domesti- 
cated. If, when their masters migrated into other countries, they 
were in addition found capable of withstanding various climates, 
thev would be still more valuable; and it appears that the animals 
which lirced readily in captivity can generally withstand different 
climates. Some few domesticated animals, such as the reindeer and 
cornel, offer an exeeption to this rule. Many of our domesticated 
animals can licar with undiminished fertility the most unnatural 
conditions; for instance, rabbits, guinea-pigs, and ferrets breed in 
miserably confined hutches. Few European dop of any kind 
withstand the climate of India without degenerating, but os long 
as they survive, they retain, as 1 hear from Dr. Falconer, their 
fertility; so it is, according to Dr. Daniell, with English dogs 
taken to Sierra Leone. The fowl, a native of the hot jungles of 




Wllk- .1.1- th.l th. H.I,. 1»!3. ^ 1». 



© The Complete Work of Charles Darwin Online 



Chap. XVIII. 



CHANGED CONDITIONS. 



145 



breeding os freely ns the common kinds within a year after tlioir 
importation from the upper Nile. The guinea-fowl, an aboriginal 
of the hot and dry deserts of Africa, whilst living under our (ump 
and cool climate, produces a large supply of eggs. 

Nevertheless, our domisticated animals under new conditions 
occasionally show signs of lessened fertility. BouUn asserts that 
in the hot valleys of the equatorial Cordillera sheep ate not ftilly 
fecund;’* and according to Lord Somerville," the merino-sheep 
which ho imported from Spain were not at first perfectly fertile. It 
is said" that mares brought up on dry food in the stable, and 
turned out to grass, do not at first breed. The peahen, as we have 
seen, is said not to lay so many eggs in England as in India. It 
was long before the canary-bird was fully fertile, and even now first- 
rate breeding birds are not common." In the hot and dry jirovince 
of Delhi, as I hear from Dr. Falconer, Uo eggs of the turkey, 
though jilaced under a hen, arc extremely liable to fail. According 
to Rouhn, geese taken to the lofty plateau of Bogota, at first laid 
seldom, and then only a few ef^; of these scarcely a fourth wen- 
hatched, and half the young binls died; in the second generation 
they were more fertile ; and when Roulin wrote they were becoming 
as fertile as our geese in Europe. With respect to the valley of 
Quito, Mr. Orton says:" “the only geese in the valley are a few 
importeil from Europe, and these refuse to propagatk” In the 
Philippine Archipelago the goose, it is assorted, will not breed or even 
lay eggs." A more curious case is that of the fowl, wliich, accord- 
ing to Roulin, when first introduced would not breed at Cusco in 
fiolivia, but subsequently became quite fertile ; and the l^glish Game 
fowl, lately introluced, had not as yet arriv^ at its full fertility, 
for to raise two or three chickens from a nest of eggs was thought 
fortunate. In Europe close confinement has a marked efiect on the 
fertility of the fowl : it has been found in Franco that with fowls 
allowt-d considerable freedom only twenty per cent of the eggs failed ; 
when allowed less freedom forty per cent, faileil ; and in dose con- 
finement sixty out of the hundreil were not hatched." So we see tliat 
unnatural ami changc<l conditions of life produce some effect on the 
fertility of our most thoroughly domesticated animals, in the same 
manner, though in a far less degree, as with captive wild animals. 

It is by no means rare to find certain males and females which will 
not breed together, though both are known to be perfectly fertile 
with otlier males and females. We hare no reason to suppose that 
this is caused by these animals having been subjected to any change 
in their habits of life ; therefore such cases arc hardly related to our 
present subject. The cause apiiarently lies in an innate sexual in- 
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compatibility of the pair which are matched. Several instances have 
been communicated to me by Mr. W. C. Spooner (well known for his 
essay on Cross-breeding), by Mr. Eyton of Eyton, by Mr. Wicksted 
and other breeders, and especially by Mr. Waring of Chelsfield, in 
relation to horses, cattle, pigs, foxhounds, other dogs, and pigeons.” 
In those cases, females, which either previously or subsequently were 
proved to bo fertile, failed to breed with certain males, with whom 
it was particularly desired to match them. A change in the con- 
stitution of the female may sometimes have occurred before she was 
put to the second male ; but in other cases this explanation is hardly 
tenable, for a female, known not to be barren, has been unsuccessfully 
paired seven or eight times with the same niale likewise known to be 
perfectly fertile. With cart-mares, which sometimes will not breed 
writh stMlions of pure blood, but subse<|uently have bred with cart- 
stallions, Mr. Spooner is inclined to attribute the faiiure to the lesser 
sexual power of the race-horse. But I have heard from the greatest 
breeder of race-horses at the present day, through Mr. Waring, that 
“ it frequently occurs with a mare to be put several times during 
“ one or two seasons to a particular stallion of acknowlo<lge<l power, 
“ and yet prove Inrren ; the more afterwards breeding at once with 
“ some other horse.” These facts are worth recording, as th^ show, 
like so many previous facts, on what slight constitutional differences 
the fertility of an animal often depends. 

Stiriliti/ of Plants from changed Conditions of Life, and from 
other causes. 

In the vegetable kingdom cases of sterility frequently 
occur, analogous with those previously giveu in the animal 
kingdom. But the subject is obscured by several circum- 
stances, presently to be discussed, namely, the contabesccnce 
of the anthers, as Giirtner has named a certain affection — 
monstrosities — doublcncssof the flower— much-enlarged fruit 
— and longKxmtinued or excessive propagation by buds. 

It is notorious that many plants in our gardens and hot-houses, 
though preserved in the most perfect health, rarely or never pro- 
duce seed. I do not allude to plants which run to leaves, from 
being kept too damp, or too warm, or too much manured; for 
these do not flower, and the case may bo wholly different. Nor do 
I allude to fruit not ri[)oning from want of heat or rotting from too 
much moisture. But many exotic plants, with their ovules and 
pollen appearing perfectly sound, will not set any seed. The 
sterility in many cases, as I know from my own observation, is 
simply due to the alisence of the proper insects for carrying tlie 
imllen to the stigma. But after excluding the several cases just 

” For pigeoiM, tm Dr. Chapuis, ‘ I.« Pigeon Voyageur Beige,’ 1865, p. 66. 
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gpecifiod, there are many plants in which the reproductive system 
has been seriously affectt-d by the altered conditions of life to 
which they have b^n subjected. 

It wonld bo tedious to enter on many details. Linnmus long 
ago observed ” that Alpine plants, although naturally loaded with 
seed, produce either few or none when cultivated in gardens. But 
exceptions often occur: the Draba nylvestriii, one of our most 
thoroughly Alpine plants, multiplies itself by seed in Mr. H. C, 
Watson’s garden, near London ; and Kemer, who hM particularly 
attended to the cultivation of Alpine plants, found that various 
kinds, when cultivated, spontaneously sowed themselves.” Many 
plants which naturally grow in peat^earth are entirely sterile in our 
gardens. I have noticed the same fact witli several liliaceous plants, 
which nevertheless grew vigorously. 

Too much manure renders some kinds utterly sterUe, as I have 
myself observed. The tendency to sterility from this cause runs 
in families ; thus, according to Gartner,** it is hardly possible to 
give too much manure to most Gramincm, Crucifer®, and Legu- 
minoE®, whilst succulent and bulbous-rooted plants are easily 
aflfectol. Extreme poverty of soil is less apt to induce sterility ; 
but dwarfed plants of TrifoUum minus and repens, growing on a 
lawn often mown and never manured, wore found by mo not to 
produce any seed. The temperature of the soil, and the season at 
which plants are watered, often have a marked effect on their 
fertility, as was observed by Kolreuter in the case of Mirabilis." 
Mr. Scott, in the Botanic Gardens of Edinburgh, observed that 
(Mcuiium divaricatum would not set seed when grown in a basket 
in which it throve, but was capable of fertilisation in a pot where 
it was a little damper. Pelargonium fulgUlum, for many years after 
its introduction, seeded freely; it then became sterile; now it is 
fertile "• if kept in a dry stove during the winter. Other varieties 
of pelargonium are sterile and others fertile withont onr being able 
to assign any cause. Very slight changes in the position of a plant, 
whether planted on a hank or at its base, sometimes make all the 
difference in its prodneing seed. Temperature apparently has a 
much more powerful influence on the fertility of plants than on 
that of animals. Nevertheless it is wonderful what changes some 
few plants will withstand with nndiminished fertility: thus the 
Zephgranthes Candida, a native of the moderately warm banks of the 
Plata, sows itself in the hot dry country near Lima, and in Yorkshire 
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resists the severest frosts, and I have seen seeds gathered from pods 
which had been covered with snow during three weeks." litrbtrit 
ti'ollichti, from the hot Khasia range in India, is uninjured by our 
sharpest frosts, and ripens its fruit under our cool summers. 
Nevertheless, I presume we must attribute to change of climate the 
sterility of many foreign plants ; thus, the Persian and Chinese 
lilacs (Syriuga pertica and ehinentu), though perfectly hardy 
here, never produce a seed ; the common lilac (A’, vulgaris) seeds 
with us moderately well, but in parts of Germany the capsules 
never contain seed." Some few of the cases, given in the last 
chapter, of self-impotent plants, might have been here introduced, 
as their state seems due to the conditions to which they have been 
sulnected. 

The liability of plants to be affected in their fertility by slightly 
changed conditions is the more remarkable, as the pollen when 
once in process of formation is not easily injured ; a plant may lie 
transplanted, or a branch with flower-buds bo cut off and placed in 
water, and the pollen will be matured. Pollen, also, when 
once mature, may l>e kept for weeks or even months." The female 
organs are more sensitive, for Gartner" found that dicotyledonous 
plants, when carefully removed so that they did not in the least 
flag, could seldom be fertilised ; this occurred even with potted 
plants if the roots had grown out of the hole at the bottom. In 
some few ca^, however, as with DigitaUs, transplantation did not 
prevent fertilisation; and according to the testimony of Mawz, 
Hrassiea rapa,vihen pulled up by its roots and placed in water, 
ripened its se^. Flower-stems of several monocotyledonous plants 
when cut off and placed in water likewise produce seed. But in 
these cases I presume that the flowers had been already fertilised, 
for Herbert ” found with the Crocus that the plants might be re- 
moved or mutilated after the act of fertilisation, and would still 
perfect their seeds; but that, if transplanted before being fertilis^, 
the application of pollen was ]x>wcrless. 

Plants which have been long cultivated can generally endure 
with undiminished fertility various and great changes; but not in 
most cases so great a change of climate as domesticated animals. 
It is remarkable that many plants under these circumstances are 
so much affected that the proportion and the nature of their che- 
mical ingredients are modiflM, yet their fertility is unimpaired. 
Thus, as Dr. Falconer informs me, tliere is a great difference in the 
character of tlie fibre in hemp, in the quantity of oil in the seed of 
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the Linum, in the proportion of narcotin to morphine in the poppy, 
in glnten to starch in wheat, when these plants are cultivated on 
the plains and on the mountains of India ; nevertheless, they all 
remain fully fertile. 

t'oiilahracrnce . — Gartner has designated by this term a peculiar 
condition of the anthers in certain plants, in which they are shri- 
Telled, or become brown and tough, and contain no go^ pollen. 
When in this state they exactly resemble the anthers of the most 
sterile hybrids. Gartner,"* in his discussion on this subject, has 
shown that plants of many orders are occasionally thus affected ; 
but the Caryophyllacem and Liliaccte suffer most, and to these 
orders, I think, the Erieacc® may be added. Contabescence varies 
in degree, but on the same plant all the flowers are generally affected 
to nearly the same extent. The anthers are affect^ at a very early 
period in the flower-bud, and remain in the same state (with one 
recorded exception) during the life of the plant. The affection 
cannot be cured by any change of treatment, and is propagated by 
layers, cuttings, &c., and perhaps even by s^. In contabesceut 
plants the female organs are seldom affected, or merely become 
precocious in their development. The cause of this affectioj is 
doubtful, and is different in different cases. Until I read Gartner’s 
disc'ussion I attributed it, as apparently did Herlxjrt, to the un- 
natural treatment of the plants ; but its permanence under changed 
eonditioas, and the female organs not being affected, seem incom* 
patibic with this view. The fact of several endemic plants 1»- 
coming contabesceut in our gardens seems, at first sight, equally 
incompatible with this view; but Kbirenter believes that this is 
the result of their transplantation. The contabescent plants of 
Dianthus and Verl»o.scum, found wild by Wiegmann, grew on a 
dry and sterile bank. The fact that exotic plants are eminently 
liable to this affection also seems to show that it is in some manner 
caused by their unnatural treatment. In» some instanc<», as with 
Silenc, Gartner’s view seems the most probable, namely, that it is 
caused by au inherent tendency in the species to become dioecious. 
I can add another cause, namely, the illemtimato unions of hotcro- 
styled plants, for I have oliecrved seedlings of three species of 
Primula and of I.ythrum mUmria, which had been raised from 
plants illegitimately fertilised by their own-form pollen, with some 
or all their anthers in a contabescent state. There is perhaps an 
additional cause, namely, self-fertilisation; for many plants of 
Diantbus and Lobelia, which had been raised from self-fertilised 
seeds, had their anthers in this state ; but these instances are not 
conclusive, os loth genera are liable from other causes to this 
affection. 

Cases of an opposite nature likewise occur, namely, plants with 
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the female organs struck with sterility, whilst the male organs 
remain perfect. Diavthn* Jajionicus, a Passiflora, and Nicotiana, 
have been described by Gartner “as being in this UBUsual con- 
dition. 

MimtlrotUiet at a eaute of Great deviations of stmetnro, 

even when the reproductive organs themselves are not seriously 
affected, sometimes cause plants to become sterile. But in other 
cases plants may liecome monstrous to an extreme degree and yet 
retain their full fertility. Gallesio, who certainly h^ great ex- 
perience,” often attributes sterility to this cause; but it may be 
suspected that in some of his cases sterility was the pause, and not 
the result, of the monstrous growths. The curious St. Valery apple, 
although it Ixjars fruit, rarely produces seed. The wonderfully 
anomalous flowers of Begonia friyidu, formerly described, though, 
they appear fit for fructification, are sterile." Species of Primula 
in which the calyx is brightly coloured are said " to be often sterile, 
though I have known them to be fertile. On the other hand, 
Verlot gives several cases of proliferous flowers which can lie pro- 
pagate»r by seed. This was the case with a poppy, which had 
become monopctalous by the union of its petals.” Another extra- 
ordinary poppy, with the stamens replaced by numerous small 
supplementary capsules, likewise reproduces itself by seed. This 
has also occurred with a plant of Bnxifi aga gettm, in which a series 
of adventitious carpels, l)earing ovules on their margins, had liecn 
developed between the stamens and the normal carpels." Lastly, 
with respect to peloric flowers, which depart wonderfully from the 
natural structure, — those of Linaria wlgarii seem generally to be 
more or less sterile, whilst those before described of Antirrhinum 
mnjut, when artificially fertilised with their own pollen, are 
perfectly fertile, though sterile when left to themselves, for bees are 
unable to crawl into the narrow tubular flower. The peloric 
flowers of Coryddlit tolida, according to Godron,” ore sometimes 
liarrcn and sometimes fertile; whilst those of Gloxinia are well 
known to yield plenty of seed. In our greenhouse Pelargoniums, 
the central flower of the truss is often peloric, and Mr. Masters 
informs me that he tried in vain during several years to get se^ 
from these flowers. I likewise made many vain attempts, but some- 
times succeeded in fertilising them with pollen from a normal 
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flower of another yariety ; and conversely I several times fertilised 
ordinary flowers with peloric pollen. Only once I succeed in 
raising a plant from a peloric flower fertilised by pollen from a 
peloric flower borne by another variety ; but theplant.it maybe 
added, presented nothing particular in its structure. Hence we 
may conclude that no general rule can be laid down; but any 
great deviation from the normal structure, even when the repro- 
ductive organs themselves are not seriously affected, certainly often 
leads to sexual impotence. 

iJouhli; Flowers . — When the stamens are converted into petals, 
the plant becomes on the male side sterile; when both stamens 
and pistils are thus changed, the plant l)ecomes completely barren. 
Symmetrical flowers having numerous stamens and petals are the 
most liable to become double, as perhaps follows from all multiple 
organs being the most subject to variability. But flowers furnish^ 
with only a few stamens, and others which are asymmetrical in 
structure, sometimes become double, as wo see with the double 
gorse or Ulex, and Antirrhimun. The Composit® bear what are 
call^l double flowers by the abnormal development of the corolla of 
their central florets. Doubleness is sometimes connected with 
prolification,” or the continued growth of the axis of the flower. 
Doubleness is strongly inherited. No one has produced, as Bindley 
remarks," double flowers by promoting the juTfect health of the 
plant. On the contrary, unnatural conditions of life favour their 
production. There is some reason to believe that seeds kept during 
many years, and seeds believed to be imperfectly fertilised, yield 
double flowers more freely than fresh and perfectly fertilised seed.** 
Long-continued cultivation in rich soil seems to be the commonest 
exciting cause. A double narcissus and a double Anthemis nobilis, 
transplanted into very poor soil, has been observed to become 
single;” and I have seen a completely double white primrose 
rendered permanently single by being divided and transplanted 
whilst in full flower. It has been observed by Professor E. Morren 
that doubleness of the flowers and variegation of the leaves are 
antagonistic states ; but so many exceptions to the rule have lately 
been recorded,'" thaL though general, it cannot be looked at as 
invariable. Vari^ation seems generally to result frxim a feeble or 
atrophied condition of the plant, and a large proportion of the 
seedlings raised from parents, if both are variegated, usually perish at 
an early age ; hence we may perhaps infer that doubleness which is 
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mutilated."’* So it is with hybrids ; for instance, Prof. Lceoq had 
three plants of Mirabilis, which, though they grow luxuriantly and 
flowered, were quite sterile ; hut after beating one with a stick until 
a few branches alone were left, these at once yielded seed. The 
sugar-cane, which grows vigorously and produces a large supply of 
succulent stems, never, according to various oliscrvers, bears s^ in 
the West Indies, Malaga, India, Cochin China, Mauritius, or the 
Malay Archipelago. "v Plants which produce a large numlsjr of 
tubers are apt to be sterile, as occurs, to a certain extent, with the 
common potato; and Mr. Fortune informs roe that the sweet 
potato {Convolvttlus batatas) in China never, as far as he has seen, 
yields s^. Dr. Royle remarks that in India the Ayave vivipara, 
when grown in rich soil, invariably produces bulbs, but no seeds ; 
whilst a poor soil and dry climate lead to an opposite result. In 
Cliina, according to Mr. Fortune, an extraordinary numtier of little 
bulbs are developed in the axils of the leaves of the yam, and this 

S lant does not bear seed. Whether in these cases, as in those of 
onble flowers and seedless fruit, sexual sterility from changed 
conditions of life is the primary cause which leads to the excessive 
development of the organs of vegetation, is doubtful ; though some 
evidence might !« advanced in favour of this view. It is perhaps a 
more prolnblo view that plants which proingate themselves largely 
by one method, namely by buds, have not suflicient vital power or 
organised matter for the other method of sexual generation. 

^veral distinguished botanists and good practical judges believe 
that long-continued propagation by cuttings, ninners, tubers, bulbs, 
4c., independently of any excessive develojment of these parts, is 
the cause of many plants failing to produce flowers, or prMucing 
only barren flowers,— it is as if they had lost the habit of sexual 
generation."* That many plants when thus propagated are sterile 
there can be no doubt, but as to whether the long (sontinnanee of this 
form of propagation is the actual cause of their sterility, 1 will not 
venture, from the want of suflicient evidence, to express an opinion. 

That plants may be propagated for long periods by buds, without 
the aid of sexual generation, we may safely infer from this being the 
case with many plants which must have long survived in a state of 
nature. As I have had occasion before to allude to this subject, I 
will here give such cases as I have collected. Many alpine plants 
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ascend mountains beyond t)io height at which they can pro<luce 
seed.'*" Certain species of Poa and Festuca, when growing on 
mountain-pastures, propagate themselves, as I liear from Mr. 
Bentham, almost exclusively by bulblets. Kalm gives a more enrious 
instance of several American trees, which grow so plentifully in 
marshes or in thick woods, that they are certainly well adapted for 
these stations, yet scarcely ever proiluco seeds ; but when acciden- 
tally growing on the outside of the marsh or wood, are loaded with 
seed. The common ivy is found in Northern Sweden and Bussia, 
but flowers and fruits only in the southern provinces. The Acona 
calamus extends over a largo portion of the globe, but so rarely 
perfects fruit that this has l>een seen only by a few botanists; 
according to Caspary, all its pollen-grains ore in a worthless condi- 
tion."* The Uff/iericum ealifcinum, which propagates itself so freely 
in our shrubberies by rhizomes, and is naturalised in Ireland, 
blossoms profusely, but rarely sets any seofl, and this only during 
certain years ; nor did it set any when fertilised in my garden by 
pollen from plants growing at a distance. The Lysimachia uummu- 
lari't, which is furnished with long runners, so seldom produces 
seed-capsules, that Prof. Dccaisne,"* who has especially attended to 
this plant, has never seen it in fruit. The Carex rujiilii often fails 
to perfect its seed in Scotland, Lapland, Greenland, Germany, and 
New Ilampehire in the United States."* The periwinkle ( IVneo 
minor), which spreads largely by runners, is said scarcely ever to 
produce fruit in England ; but this plant requires insect-aid for 
its fertilisation, and the proper insects may be absent or rare. The 
Jusnite > ynwdiflora has become naturalised in Southern France, and 
has spread by its rhizomes so extensively as to impede the naviga- 
tion of the waters, but never produces fertile seed."* The horse- 
radish {I'ocKUaria armoracin) spreads pertinaciously and is natural- 
ised in various parts of Europe; though it bears flowers, these 
rarely produce capsules : Professor Caspary informs me that ho has 
watched this plant since IWl, but has never seen its fruit ; 65 per 
cent, of its pollen-fpains are bod. The common Uanuneulus ficaria 
rarely bears seed in England, Franco, or Switzerland; but in 1863 
I observed seeds on several plants growing near my house."* Other 
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cases analogous with the foregoing could be given; for instance, 
some kinds of mosses and lichens have never been seen to fructify in 
France. 

Some of these endemic and naturalised plants are probably 
rendcrerl sterile from excessive multiplication by buds, and their 
consequent incapacity to produce and nourish seed. But the 
sterility of others more probably depends on the peculiar condi- 
tions under which they live, as in the case of the ivy in the northern 
parts of Europe, and of the trees in the swamps of the United 
States ; yet these plants must be in some respects eminently well 
adapted for the stations which they occupy, for they hold their 
places against a host of competitors. 

Finally, the high degree of sterility which often accom- 
panies the doubling of flowers, or an excessive development of 
fruit, seldom supervenes at once. An incipient tendency is 
observed, and continned selection completes the result. The 
view which seems the most probable, and which connects 
together all the foregoing facts and brings them within our 
present subject, is, that changed and unnatural conditions of 
life first give a tendency to sterility ; and in consequence, of 
this, the organs of reproduction being no longer able fully to 
perform their proper functions, a supply of organised matter, 
not required for the development of the seed, flows either into 
these organs and renders them foliaeeous, or into the fruit, 
stems, tubers, &c., increasing their size and,succulency. But 
it is probable that there exists, independently of any incipient 
sterility, an antagonism between the two forms of repro- 
duction, namely, by seed and buds, when either is carried to 
an extreme degree. That incipient sterility plays an iinjior- 
tant part in the doubling of flowers, and in the other cases 
just specified, I infer chiefly from the following facts. When 
fertility is lost from a wholly different cause, namely, from 
hybridism, there is a strong tendency, as Giirtner"" affirms. 



70; Vaucher, ‘HUt. Phys. Plantes 
d’Europo.’ tom. i. p. 33 ; Leooq, ‘ Goo- 
graph. BoL d’Europe,’ tom. iv. p. 
4CS ; Dr. U. Clos, in ‘ Annal. dcs Sc. 
Nat.,’ 3rd series. Hot., tom. xvii., 
1852, p. 129 : this latter author refers 
to other analogous cases. See more 
aspeciallr on this plant, and on other 
alliol oises. Prof. Casi»ry, “ Die Nu- 



phar,”" Abhand. Katurw.Gesollsch. zu 
Halle,’ B. xl 1870, p. 40, 7a 

>■> ‘ Bastarderzcugnng,’ s. 565. 
Kslreuter (Dritte Kortsetzung, s. 
73, 87, 119) also shows that when 
two species, one single and the other 
double, are crossed, the hybrids are 
apt to be extremely double. 



© The Complete Work of Charles Darwin Online 



156 



STERILITY. 



Chap. XVIII. 



for flowers to become double, and this tendency is inherited. 
Moreover, it is notorious that with hybrids the male organs 
become sterile before the female organs, and with double 
flowers the stamens first become foliaceous. This latter fact 
is well shown by the male flowers of dioxiious plants, which, 
according to Gallesio,'*’ first become double. Again, Gart- 
ner *** often insists that the flowers of even utterly sterile 
hybrids, which do not produce any seed, generally yield 
perfect cajisules or fruit, a fact which has likewise lx;en 
re{)catedly observed by Xaudin with the Cucurbitacew ; so 
that the production of fruit by plants rendered sterile through 
any cause is intelligible. Kblreuter has also expressed his 
unbounded astonishment at the size and development of the 
tubers in certain hybrids ; and all experimentalists *’* have 
remarked on the strong tendency in hybrids to increase by 
roots, runners, and suckers. Seeing that hybrid plants, 
which from their nature are more or less sterile, thus tend to 
produce double flowers ; that they have the j«irts including 
the seed, that is the fruit, perfectly develoiKKl, even when 
containing no seed ; that they sometimes yield gigantic 
roots ; that they almost invariably tend to increase largely by 
suckers and other such moans ; — seeing this, and knowing, 
from the many facts given in the earlier parts of this chapter, 
that almost all organic beings when exposed to unnatural 
conditions tend to become more or less sterile, it seems much 
the most probable view that with cultivated plants sterility 
is the exciting cause, and double flowers, rich seeilless truit, 
and in some cases largely-developed organs of vegetation, Ac., 
are the indirect results — these results having been in most 
cases largely increased through continued selection by man. 

"• *T«orU dellt Riprwluzione ‘ B«»Urderieugung,’ s. 573. 
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CHAPTER XIX. 

8CMMART OF THK FOOR LAST CHAFrBRft, WITH REMARKS OS 
HYBRIDISM. 



OK THE ErncCTS OF CROSStXG — THE IKPLlEKCE OF DOMESTICATION ON 
FERTILITY — CLOSE IVTERBBEBPIIiG— GOOD AND EYIL RBSCLTS PROM 
CHANGED CONDITIONS OF LIFE — TAB1ETIE3 WHEN CROSSED NOT IN- 
TARIAULY FERTILE — ON THE DIFFEBENCE IN FERTILITY BETWEEN 
CROSSED SPECIES AND VARIETIES — CONCLUSIONS WITH RESPECT TO 
BYRRIDISM— UGUT THROWN ON HYBRIDISM BY THE ILLEGITIMATE 
PROGENY OK IIETEB08TYLED PLANTS — STERILITY OF CROSSED SPECIES 
DUE TO DIFFERENCES CONFINED TO THK REPBODUlTIVE SYSTEM— NOT 
ACCUMULATED THROUGH NATURAL SELECTION— REASONS WHY DOMESTIC 
VARIETIES ARE NOT MUTUALLY STERILE— TOO MUCH STRESS HAS BEEN 
LAID ON THE DIFFEBENCE IN FERTILITY BETWEEN CROSSED SPECIES AND 
CROSSED VABIUnES— CONCLUSION. 

It was shown in the fifteenth chapter that when individuars 
of the same variety, or even of a distinct variety, are allowed 
freely to intercross, uniformity of character is ultimately ac- 
quired. Some few characters, however, are incapable of 
fusion, but these are unimportant, as they are often of a 
semi-monstrous nature, and have suddenly appeared. Hence, 
to preserve our domesticated breeds true, or to improve them 
by methodical selection, it is obviously necessary that they 
should be kept separate. Nevertheless, a whole body of 
individuals may bo slowly modified, tlirough unoouscious 
selection, as we shall see in a future chapter, without separa- 
ting them into distinct lots. Domestic races have often been 
intentionally modified by one or two crosses, made with some 
allied race, and occasionally even by repeated crosses with 
very distinct races ; but in almost all such cases, long-con- 
tinued and careful selection has been absolutely necessary, 
owring to the excessive variability of the crossed ofispring, 
due to the principle of reversion. In a few instances, how- 
ever. mongrels have retained a uniform character from their 
first production. 

When two varieties are allowed to cross freely, and one is 
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much more numerous than the other, the former will ulti- 
mately absorb the latter. Should both Tarietiee exist in 
nearly equal numbers, it is probable that a considerable 
period would elapse before the acquirement of a uniform 
character; and the character ultimately acquired would 
larfi^'ly depend on prepotency of transmission and on the con- 
ditions of life; for the nature of these conditions would 
generally favour one variety more than another, so that a kind 
of natural selection would come into play. Unless the crossed 
offspring were slaughtered by man without the least discri- 
mination, some degree of unmethodical selection would like- 
wise come into action. From these several considerations 
we may infer, that when two or more closely allied species 
first came into the possession of the same tribe, their crossing 
will not have influenced, in so great a degree as has often 
been supposed, the character of the offspring in fntur9 times ; 
although in some esses it probably has had a considerable 
effect. 

Domestication, as a general rule, increases the prolificness 
of animals and plants. It eliminates the tendency to sterility 
which is common to species when fiist taken from a state of 
nature and crossed. On this latter head we have no direct 
evidence ; but as our races of dogs, cattle, pigs, Ac., are almost 
certainly descended from aboriginally distinct stocks, and as 
these races are now fully fertile together, or at least incom- 
parably more fertile than most sjiecies when crossed, we may 
with entire confidence accept this conclusion. 

Abundant evidence has l)eon given that crossing adds to 
the sire, vigour, and fertility of the offspring. This holds 
good when there has been no previous close interbreeding. 
It applies to the individuals of the same variety but belonging 
to different families, to distinct varieties, sub-species, and 
even to Hj)ocic8. In the latter case, though size is gained, 
fertility is lost ; but the increased size, vigour, and hardiness 
of many hybrids cannot be accounted for solely on the 
principle of compensation from the inaction of the reproduc- 
tive system. Certain plants whilst growing under their 
natural conditions, others when cultivated, and others of 
hybrid origin, are completely self-impotent, though per- 
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fectly healthy ; and such plants can be stimulated to fertility 
only by being crossed with otlier individuals of the same or 
of a distinct species. 

On the other hand, long-continued close interbreeding 
between the nearest relations diminishes the constitutional 
vigour, size, and fertility of the offspring ; and occasionally 
leads to malformations, but not necessarily to general de- 
terioration of form or structure. This failure of fertility 
shows that the evil results of interbreeding are independent 
of the augmentation of morbid tendencies common to both 
parents, though this augmentation no doubt is often highly 
injurious. Our belief that evil follows from close interbreed- 
ing rests to a certain extent on thd exjierience of practical 
breeders, especially of those who have reared many animals 
of quickly propagating kinds ; but it likewise rests on several 
carefully recorded experiments. With some animals close 
interbreeding may be carried on for a long period with im- 
punity by the selection of the most vigorous and healthy 
individuals ; but sooner or later evil follows. The evil, how- 
ever, comes on so slowly and gradually that it easily escapes 
observation, but can be recognised by the almost instantaneous 
mantier in which size, constitutional vigotir, and fertility are 
r^intsl when animals that have long been interbred are 
crossed with a distinct family. 

These two great classes of facts, namely, the good derived 
from crossing, and the evil from close interbreeding, with the 
consideration of the innumerable adaptations throughout 
nature for compelling, or favouring, or at least jtermitting, 
the occasional union of distinct individuals, taken together, 
lead to the conclusion that it is a law of nature that orgabic 
beings shall not fertilise themselves for perpetuity. This law 
was first plainly hinted at in 1799, with respect to plants, 
by Andrew Knight,' and, not long afterwards, that sagacious 

' ‘ Tranuction!! Phil. Soc.,’ 1799, obserrer failed to UDdentaod the full 

p. 202. For Kslreuter, tee ‘ Mem. de meaning of the etructure of the 

i'Acad. de St.-Pdtenbourg,' tom. iii. flowera which he haa ao well du- 

1809 (publishetl 1811), p. 197. In acribed, from not alwavs haring 

reading C. K. Sprcngel’a remarkable before bia mind the key to the pro- 
work, ‘ Daa entdeckte Oeheimniaa,’ blem, namely, the good derired from 

4c., 1793, it ia curious to ohaerre the crossing of distinct individual 

how often this wonderfully acute plants. 
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oliserver Kolrouter, after ahowing how well the Malvacca) 
are ailapted for crossing, asks, “an id aliquid in recessu 
halKjat, quod hujusccmodi florcs nunquam projirio suo pul- 
vere, stnl semper eo aliaruin sua; spcciei impregnentur, mcribi 
qnffiritur? Certo natura nil facit frustra.” Although we 
may demur to Kiilreuter’s saying that nature does nothing 
in vain, seeing how many rudimentary and useless organs 
there are, yet undoubtedly the argument from the innumer- 
able contrivances, which favour crossing, is of the greatest 
weight. The most important result of this law is that it 
leads to uniformity of character in the individuals of the 
same sjiecies. In the caije of certain hermaphrodites, which 
proliably intercross only at long inter\’als of time, and with 
unisexual animals inhabiting somewhat separated localities, 
which can only ootasionally come into contact and pair, the 
greater vigour and fertility of the crossed offspring will 
ultimately tend to give uniformity of character. But when 
we go beyond the limits of the same species, free intercrossing 
is barred by the law of sterility. 

) In searching for ftfets which might throw light on the 
cause of the good effects from crossing, and of the evil effects 
from close interbreeding, we have seen that, on the one hand, 
it is a widely prevalent and ancient belief, that animals and 
plants profit from slight changes in their condition of life; 
and it would appear that the germ, in a somewhat analogous 
manner, is more effectually stimulated by the male element, 
when taken from a distinct individual, and therefore slightly 
modified in nature, than when taken from a male having the 
same identical constitution. On the other hand, numerous 
facts Imve been given, showing that when animals are first 
subjected to captivity, even in their native land, and although 
allowed much lilxjrty, their reproductive functions are often 
greatly imimired or quite annulled. Some groups of animals 
are more affected than others, but with apparently capricious 
exceptions in every group. Some animals never or rarely 
couple under confinement ; some couple freely, but never or 
rarely conceive. The secondary male characters, the maternal ■ 
functions and instincts, are occasionally affected. With j 
^ plants, when first subjected to cultivation, analogous facts i 
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have been obeerved. We probably owe our double flowers, 
rich seedless fruits, and in some cases greatly developotl 
tuliers, &o„ to incipient sterility of the above nature combined 
with a copious supply of nutriment. Animals which have 
long been domesticated, and plants which have long been 
cultivated, can generally withstand, with unimpaired fertility, 
groat changes in their conditions of life ; though both are 
sometimes slightly affected. With animals the somewhat 
rare capacity of breeding freely under confinement, together 
with their utility, mainly determine the kinds which have 
been domesticated. 

Wo can in no case precisely say what is the cause of the 
diminished fertility of an animal when first captured, or of a 
plant when first cultivated ; we can only infer tliat it is caused 
by a change of some kind in the natural conditions of life. 
The remarkable susceptibility of the reproductive system to 
such changes,— a susceptibility not common to any other 
organ,— apparently’ has an important bearing on Variability, . 
as we shall see in a future chapter. 

It is impossible not to bo struck with the double parallelism 
between the two classes of facts just alluded to. On the one 
hand, slight changes in the conditions of life, and crosses 
between slightly modified forms or varieties, are beneficial as 
far as prolificness and constitutional vigour are concerned. 
On the other hand, changes in the conditions greater in degree, 
or of a different nature, and crosses between forms which 
have been slowly and greatly modified by natural means, — 
in other words, between species, — are bigbly injurious, as far 
as the reproductive system is concerned, and in some few 
instances as far as constitutional vigour is concerned. Can 
this parallelism be accidental ? Docs it not rather indicate 
some real bond of connection ? As a fire goes out unless 
it lie stirred up, so the vital forces are always tending, 
according to Mr. Herbert Spencer, to a state of equilibrium, 
unless disturbed and renovated through the action of other 
forces. 

In some few cases varieties tend to keep distinct, by bree<l- 
ing at difierent seasons, by great difierence in size, or by 
sexual preference. But the crossing of varieties, far from 

vou II. u 
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diminishing, generally adds to the fertility of the first 
union and of the mongrel offspring. AVLetlicr all the more 
widely distinct domestic varieties are invariably quite fertile 
when crossed, wo do not jxjsitively know ; much time and 
trouble would bo requisite for the neeessary exjxjriments, and 
many difliculties occur, such as the descent of the various 
races from aboriginally distinct species, and the doubts 
whether certain forms ought to be ranked as species or 
varieties. Nevertheless, the wide experience of practical 
breeders proves that the great majority of varieties, even if 
some should hereafter prove not to be indefinitely fertile 
inter $e, are far more fertile when crossed, than the vast 
majority of closely allied natural species. A few remarkable 
cases have, however, been given on the authority of excellent 
observers, showing that with plants certain forms, which un- 
doubte<lly must bo ranked as varieties, yield fewer seeds when 
crossed than is natural to the parent-sj)ecies. Other varieties 
have had their reproductive powers so far modified that they 
are either more or less fertile than their parents, when crossed 
with a distinct species. 

Nevertheless, the fact remains indisputable that domesti- 
cated varieties, of animals and of plants, which differ greatly 
from one another in structure, but which are certainly 
descended from the same aboriginal species, such as the races 
of the fowl, pigeon, many vegetables, and a host of other 
productions, are extremely fertUe when crossed; and this 
seems to make a broad and impassable barrier between 
domestic varieties and natural species. But, as I will now 
attempt to show, the distinction is not so great and over- 
whelmingly important as it at first apjxjars. 

Oil the Difference in Fertility between Varietie$ and Species when 
crossed. 

This work is not the proper place for fully treating the 
subject of hybridism, and I have already given in my ‘ Origin 
of Species ’ a moderately full abstract. I will here mei-ely 
enumerate the general conclusions which may be relied on, 
and which bear on our present point. 

Firstly, the laws governing the production of hybrids are 
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identical, or nearly identical, in the animal and vegetalde 
kingdoms. 

Secondly, the sterility of distinct species when 6rst uniteil. 
and that of their hybrid oflspring, graduate, by an almost 
infinite number of stops, from zero, when the ovule is never 
impregnated and a soed-capsvile is never formed, up to com- 
plete fertility. Wo can only escape the conclusion that some 
species are fully fertile when crossed, by determining to 
designate as varieties all the forms which are quite fertile. 
This high degree of fertility is, however, rare. Nevertheless, 
plants, which have been exposed to rmnatural conditions, 
sometimes become modified in so peculiar a manner, that they 
are much more fertile when crossed with a distinct s{)ecios than 
when fertilised by their own pollen. Success in efiecting a 
first union between two species, and the fertility of their 
hybrids, de))end in an eminent degree on the conditions of 
life being favourable. The innate sterility of hybrids of the 
same parentage and raised from the same see<l-cap8ule often 
difiers much in degree. 

Thirdly, the degree of sterility of a first cross between two 
species does not always run strictly parallel with that of their 
hybrid offspring. Many cases are known of species whi6h 
can be crossed with ease, but yield hybrids excessively 
sterile; and conversely some which can bo crosse«l with 
great difliculty, but pr^uce fairly fertile hybrids. This is 
an inexplicable fact, on the view that sjjecies have been 
specially endowed with mutual sterility in order to keep 
them distinct. 

Fourthly, the degree of sterility often differs greatly in two 
species when reciprocally crossed ; for the first will readily 
fertilise the second ; but the latter is inoapable, after hundreds 
of trials, of fertilising the former. Hybrids produced from 
reciprocal crosses between the same two species likewise 
sometimes differ in their degree of sterility. Those cases 
also are utterly inexplicable on the view of sterility being a 
special endowment. 

Fifthly, the degree of sterility of first crosses and of hybrids 
runs, to a ceidain extent, j>arallel with the general or system- 
atic affinity of the forms which are nnitod. For siiocies be- 
M 2 
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longing to distinct genera can rarely, and those belonging 
to distinct families can never, be crossed. The ]iarallelism, 
however, is far from complete; for a mnltitude of closely 
allied species will not unite, or unite with extreme difficulty, 
whilst other species, widely different from one another, can 
l)e crossed with perfect facility. Nor does the difficulty 
dejwnd on ordinary constitutional differences, for annual and 
{wrennial plants, deciduous and evergreen trees, jilants 
flowering at different seasons, inhabiting different stations, 
and naturally living under the most opposite climates, can 
often be crossed with ease*. The difficulty or facility ap- 
parently depends exclusively on the sexual constitution of 
the species which are crossed; or on their sexual elective 
affinity, i.e. Wahlvcncandtscha/l of Gartner. As species rarely 
or never become modified in one character, without lieing at 
the same time modified in many characters, and as systematic 
affinity includes all visible similarities and dissimilarities, 
any dififercnce in sexual constitution between two species 
would naturally stand in more or less close relation with their 
systematic position. 

SUtUg, the sterility of species when first crossed, and that 
of hybrids, may possibly depend to a certain extent on distinct 
causes. With pure species the reproductive organs are in a 
perfect condition, whilst with hybrids they are often plainly 
deteriorated. A hybrid embryo which partakes of the con- 
stitution of its father and mother is exposed to unnatural 
conditions, as long as it is nourished within the womb, or 
egg, or seed of the mother-form ; and as wo know that 
unnatural conditions often indnee sterility, the reproductive 
organs of the hybrid might at this early age be i>ermanently 
affected. But this cause has no bearing on the infertility of 
first unions. The diminished number of the offspring from 
fii'st unions may often result, as is certainly sometimes the 
case, from the premature death of most of the hybrid ombr}*ofl. 
But we shall immediately see that a law of an unknown 
nature apjiarently exists, which leads to the oflfepring from 
unions, which are infertile, being themselves more or less 
infertile ; and this at present is all that can be said. 

Seventhly, liybrids and mongrels present, with the one great 
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exception of fertility, tho most striking accordance in all other 
resj)ects ; namely, in the laws of their resemblance to their 
two parents, in their tendency to reversion, in their varia- 
bility, and in being absorWl through repeated crosses by 
either j>arent-form. 

After arriving at these conclusions, I was led to investigate 
a subject which throws considerable light on hybridism, 
namely, the fertility of heterostyled or dimorphic and 
trimorphic plants, when illegitimately united. I have had 
occasion several times to allude to these plants, and I may 
here give a brief abstract of my observations. Several plants 
belonging to distinct orders present two forms, which exist 
in alx)ut eqiial numbers, and which differ in no respect except 
in their reproductive organs ; one form having a long pistil 
with short stamens, the other a short pistil with long 
stamens; both with differently sued jiollen-grains. With 
trimoqdiic ]>laiits there are three forms likewse differing in 
the lengths of their pistils and stamens, in the size and colour 
of tho pollen-grains, and in some other respects ; and ns in 
each of the three forms there are two sets of stamens, there 
are altogether six sets of stamens and three kinds of pistils. 
These organs are so proportioned in length to one another 
that, in any two of the forms, half tho stamens in each stand 
on a level with tho stigma of the third form. Now I have 
shown, and the result has been confirmed by other observers, 
that, in order to obtain full fertility with these plants, it is 
necessary that the stigma of tho one fonn should bo fertilised 
by pollen taken from the stamens of corresponding height in 
the other form. So that with dimorphic species two unions, 
which may be called legitimate, are fully fertile, and two. 
which may be called illegitimate, are more or less infertile. 
Witli trimoq)hic siiecios six unions are legitimate, or fully 
fertile, and twelve are illegitimate, or more or less infertile.’ 

Tho infertility which may be observed in various dimorphic 



* ity ohserration-1 ‘On the Cha- 
racter and hybrid-like nature of the 
oll^priug from the illegitimate union 
of Dimorphic and Trimorphic Plants ’ 
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and triinor|)bic plants, when illegitimately fertilisetl, that is, 
by pollen taken from stamens not corresjwnding in height 
with the pistil, diflfors much in degree, up to absolute and 
ntter sterility; just in the same manner as occurs in crossing 
distinct si>ccies. As the degree of sterility in the latter case 
dejs-nds in an eminent dcgicc on the conditions of life being 
more or less favourable, so 1 have found it wth illegitimate 
unions. It is well known that if pollen of a distinct species 
l)e placed on the stigma of a flower, and its own pollen bo 
afterwards, even after a considerable interval of time, placed 
on the same stigma, its action is so stix>ngly prepotent that it 
generally annihilates the effect of the foreign }X)llen ; so it is 
with the pollen of the several fonus of the same species, for 
legitimate ]x>llen is strongly preimtent over illegitimate 
]Hillen, when l>oth are ]>laced on the same stigma. 1 ascer- 
tained this by fertilising several flowers, first illegitimately, 
and twenty-four hours afterwards legitimately, with pollen 
taken fnnn a peculiarly coloured variety, and all the seetllings 
were similarly coloured; this shows' that the legitimate 
ixdlen, though applied twenty-four hours subsequently, had 
wholly destroyed or prevent^ the action of the previously 
applied illegitimate jiollen. Again, as, in making reciprocal 
crosses between the same two species, there is occasionally a 
great difference in the result, so the same thing occurs with 
trimoq)hic plants; for instance, the mid-styled form of 
Lythrum laliraria conld be illegitimately fertilised with the 
greatest ease by pollen from the longer stamens of the short- 
styled form, and yielded many seeds ; but the short-styled form 
did not yield a single seed when fertilised by the longer 
stamens of the inid-stylcd form. 

In all these respects the forms of the same undoubted 
si>ecie6, when illegitimately united, behave in exactly the 
same manner as do two distinct specks when crossed. This 
led mo carofullj' to obseiwe during four years many seedlings, 
ra'sed fr<im several illegitimate unions. The chief result is 
that the-e illegitimate phmts, as they may bo called, are not 
fully fertile. It is possible to raise from dimoriihic species, 
lH)th long-styled and short-styled illegitimate plants, and 
from triniorphic plants all three illegitimate forms, 'nicsc 
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can then be properly united in a legitimate manner. When 
this is done, there is no apparent reason why they should 
not yield as many seeds as did their parents when legiti- 
mately fertilised. But such is not the case ; they are all 
infertile, but in various degrees ; some being so utterly and 
incurably sterile that they did not yield during four seasons 
a single seed or even secd-capsule. These illegitimate plants, 
which are so sterile, although united with each other in a 
legitimate manner, may bo strictly compared with hybrids 
when crossed inter se, and it is well known how sterile these 
latter generally are. When, on the other hand, a hybrid is 
crossed with either pure parent-species, the sterility is usually 
much lessened ; and so it is when an illegitimate plant is 
fertilised by a legitimate plant. In the same manner as the 
sterility of hybrids docs not always run parallel with the 
difficulty of making the firat cross between the two parent- 
species, so the sterility of certain illegitimate plants was 
unusually great, whilst the sterility of the union from which 
they were derived was by no means great. With hybrids 
raisc<l from the same soed-capsulo the degree of sterility is 
innately variable, so it is in a marked manner with illegiti- 
mate plants. lAstly, many hybrids arc profuse and persistent 
dowerers. whilst other and more sterile hybrids produce few 
flowers, and are weak, miserable dwarfs; exactly similar 
cases occur with the illegitimate ofispring of various dimorphic 
and trimorphic plants. 

Although there is the closest identity in character and 
behaviour between illegitimate plants and hybrids, it is 
hardly an exaggeration to maintain that the former are 
hybrids, but produced within the limits of the same species 
by the improper union of certain forms, whilst ordinary 
hybrids are produced from an iraj^oper union between so- 
called distinct species. We have already seen that there is 
the closest similarity in all resjKX'ts l)etween first illegitimate 
unions, and first crosses between distinct species. This will 
perhaps bo made more fully apparent by an illustration : we 
may suppose that a botanist found two well-marked varieties 
(and such occur) of the long-styled form of the trimorphic 
Lythum talicaria, and that he determined to try by cross'ng 
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whether they were specifically distinct. He would find that 
they yielded only about one-fifth of the proper number of 
seed, and that they behaved in all the other above-specified 
respects as if they had been two distinct species. But to 
make the case sure, he would raise plants from his supposed 
hybridisc<l seed, and he would find that the seedlings were 
miserably dwarfetl and utterly sterile, and that they behaved 
in all other respects like ordinarj’ hybrids. He might then 
maintain that he had actually proved, in accordance with the 
common view, that his two varieties were as good and as 
distinct species as any in the world ; but he would be com- 
pletely mistaken. 

Tlio facts now given on dimorphic and trimorphic plants 
are important, Ixicauso they show us, first, that the physio- 
logical tost of lessened fertility, both in first crosses and in 
hybrids, is no criterion of specific distinction ; secondly, 
b^use wo may conclude that there is some unknown bond 
which connects the infertility of illegitimate unions with that 
of their illegitimate ofispring, and wo are led to extend the 
same view to first crosses and hybrids ; thirdly, because we 
find, and this seems to mo of especial importance, that two or 
three forms of the same species may exist and may difier in no 
respect whatever, either in structure or in constitution, 
relatively to external conditions, and yet be sterile when 
united in certain ways. For wo must remember that it is 
tlie union of the sexual elements of individuals of the same 
form, for instance, of two long-styled forms, which results in 
sterility ; whilst it is the union of the sexual element proper 
to two distinct forms which is fertile. Hence the case ajtjiears 
at first sight exactly the reverse of what occurs in the 
ordinarj’ unions of the individuals of the same species, and 
with crosses between distinct species. It is, however, doubt- 
ful whether this is really so ; but I will not enlarge on tliis 
obscure subject. 

We may, however, infer as proliable from the consideration 
of dimorphic and trimorjihic plants, that the sterility of dis- 
tinct species when crossetl, and of their hybrid progeny, 
depends exclusively on the nature of their sexual elements, 
and not on any difference in their stnicture or general con- 
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stitution. We are also led to this same conclusion by con- 
sidering reciprocal crosses, in which the male of one siiecies 
cannot be united, or only with great difficulty, with the 
female of a second species, whilst the converse cross can be 
effected with perfect facility. That excellent observer, Gartner, 
likewise concluded tliat species when crossed are sterile owing 
to differences confined to their reproductive systems. 

On the principle which makes it necessary for man, whilst 
ho is selecting and improving his domestic varieties, to keep 
them separate, it would clearly be advantageous to varieties 
in a state of nature, that is to incipient species, if they could 
bo kej)t from blending, either through sexual aversion, or by 
becoming mutually sterile, lienee it at one time appeared to 
mo probable, as it has to others, that this sterility might have 
been acquired through natural selection. On this view we 
must suppose that a shade of lessened fertility first spon- 
taneously appeared, like any other modification, in certain 
individuals of a species when crossed with other individuals 
of the same species; and that successive slight degrees of 
infertility, from being advantageous, were slowly accumulated. 
This appears all the more probable, if we admit that the 
structural differences between the forms of dimorphic and 
trimorjihic plants, as the length and curvature of the pistil, 
&c., have been co-adapted through natural selection ; for if 
this bo admitted, wo can hardly avoid extending the same 
conclusion to their mutual infertility. Sterility, moreover, has 
been acquired through natural selection for other and widely 
different purposes, as with neuter insects in reference to their 
social economy. In the case of plants, the flowers on the 
circumferenco of the truss in the guelder-rose {Viburtmm 
opulim) and those on the summit of the spike in the feathor- 
hj'acinth {Mu»cari comosum) have been rendered conspicuous, 
and ajqiarently in consequence sterile, in order that insects 
might easily discover and visit the perfect flowers. But 
when wo endeavour to apply the principle of natural selection 
to the acquirement by distinct species of mutual sterility, wo 
meet with great difficulties. In the first place, it may be 
remarked that separate regions are often inhabited by groups 
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of species or by single species, which when brought together 
and crossed are found to bo more or less sterile ; now it could 
clearly have been no advantage to such separated species to 
have been rendered mutually sterile, and consequently this 
could not have lieen efFected through natural selection ; but 
it may perhaps be argued, that, if a species were rendered 
sterile with some one compatriot, sterility with other six>cios 
woxild follow as a necessary consequence. In the second 
place, it is as much opposed to the theory of natural selection, 
as to the theory of special creation, that in reciprocal crosses 
the male element of one form should have been rendered 
utterly impotent on a second form, whilst at the same time 
the male element of this second form is enabled freely to 
fertilise the first form ; for this peculiar state of the repro- 
ductive system could not possibly have been advantageous 
to either species. 

In considering the probability of natural selection having 
come into action in rendering species mutually sterile, one 
of the greatest difficulties will bo found to lie in the existence 
of many graduated steps from slightly lessoned fertility to 
absolute sterility. It may be admitted, on the principle 
above explained, that it would profit an incipient species if it 
were rendered in some slight degree sterile when crossed with 
its parent-form or with some other variety ; for thus fewer 
bastardised and deteriorated offspring would be produced to 
commingle their blood with the new species in process of 
formation. Hut ho who will take the trouble to reflect on the 
stei« by which this firat degree of sterility could be increased 
through natural selection to that higher degree which is 
common to so many species, and which is universal with 
species which have Isjcn differentiated to a generic or family 
rank, will find the subject extraordinarily complex. After 
mature reflection it seems to me that this could not have been 
effected through natural selection. Take the case of any two 
species which, when crossed, produce few and sterile offspring ; 
now, what is there which could favour the survival of those 
individuals which happened to be endowed in a slightly 
higher degree with mutual infertility, and which thus 
approached by one small step towards absolute sterility? 
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Yet an advance of this kind, if the theory of natural selection 
be brought to boar, must have incessantly occurred with 
many s]>ccic8, for a multitude are mutually quite barren. 
With sterile neuter insects wo have reason to believe that 
modifications in tbeir structure and fertility have been slowly 
aonumulatcd by natural selection, from an advantage having 
been thus indirectly given to the community to which they 
bolonge<l over other communities of the same species ; but an 
individual animal not belonging to a social community, if 
rendered slightly sterile when crossed with some other variety, 
would not thus itself gain any advantage or indirectly give 
any advantage to the other individuals of the same variety, 
thus leading to their preservation. 

Hut it would be superfluous to discuss this question in 
detail ; for with plants we have conclusive evidence that the 
sterility of crosscsl species must be due to some principle, 
quite independent of natural selection. Both Gartner and 
Kolreiiter have proved that in general including numerous 
species, a series can be formed from species which when crossed 
yield fewer and fewer seeds, to species wliich never produce a 
single seed, but yet are affectwl by the pollen of certain other 
species, for the germen swells. It is here manifestly im- 
possible to select the more sterile individuals, which have 
already ceased to yield seeds ; so that this acme of sterility, 
when the genuen alone is affected, cannot have been gained 
through selection ; and from the laws governing the various 
grades of sterility being so uniform throughout the animal 
and vegetable kingdoms, we may infer that the cause, what- 
ever it may be, is the same or nearly the same in all cases. 

As species have not been rendered mutually infertile 
through the accumulative action of natural selection, and as 
we may safely conclude, from the previous as well as from 
other and more general considerations, that the}* have not 
been endowed through an act of creation with this quality, 
we must infer that it has arisen incidentally during their slow 
formation in connection with other and unknown changes in 
their organisation. By a quality arising incidentally, I refer 
to such coses as different speeies of animals and plants being 
difierently affected by poisons to which they are not naturally 
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exposed ; and this difference in susceptibility is clearly in- 
cidental on other and unknown differences in their organisa- 
tion. So again the capacity in difTcrent kinds of trees to be 
grafted on each other, or on a third species, differs much, and 
is of no advantage to these trees, but is incidental on struc- 
tural or functional differences in their woody tissues. We 
need not feel surprise at sterility incidentally resulting from 
crosses between distinct sjtecies, — the modified descendants of 
a common progenitor, — when we bear in mind how easily the 
reproductive system is affected by various causes — often by 
extremely slight changes in the conditions of life, by too close 
interbreeding, and by other agencies. It is well to bear in 
mind Mich cases as that of the Passiflora data, which re- 
covered its self-fertility from being grafted on a distinct 
speoics — the cases of jdants which normally or abnormally 
are self-impotent, but can readily be fertilised by the pollen 
of a distinct species — and lastly the cases of individual 
domesticated animals which evince towards each other sexual 
incompatibility. 

Wo now at last come to the immediate point under dis- 
cussion ; how is it that, with some few exceptions in the case 
of plants, domesticated varieties, such as those of the dog, fowl, 
pigeon, several fruit-trees, and culinary vegetables, which differ 
from each other in external characters more than many species, 
are jierfectly fertile when crossed, or oven fertile in excess, 
whilst closely allied species are almost invariably in some 
degree sterile ? Wo can, to a certain extent, give a satisfac- 
tory answer to this question. Passing over the fact that the 
amount of external difference between two species is no sure 
guide to their degree of mutual sterility, so that similar differ- 
ences in the case of varieties would bo no sure guide, we know 
that with species the cause lies exclusively in differences in 
their sexual constitution. Sow the conditions to which 
domesticated animals and cultivated plants have been sub- 
jected have had so little tendency towards modifying the 
reproductive system in a manner leading to mutual sterility, 
that wo have very good grounds for admitting the directly 
opposite doctrine of Pallas, namely, that such conditions 
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generally eliminate this tendency; so that the domesticated 
descendants of species, which in their natural state would 
have been in some degree sterile when crossed, l>ecome 
perfectly fertile together. With plants, so far is cultivation 
from giving a tendency towards mutual sterility, that in 
several well - authenticated cases, already often alluded to, 
certain species have lx»n affected in a very different manner, 
for they have become self-impotent, whilst still retaining the 
capacity of fertilising, and being fertilised by, distinct species. 
If the Pallasian doctrine of the elimination of sterility through 
long-contiune<l domestication be admitted, and it can hardly 
be rejected, it liecomes in the highest degree improbable that 
similar circumstances should commonly Iwth induce and 
eliminate the same tendency ; though in certain cases, with 
species having a peculiar constitution, sterility might occa- 
sionally lie thus induced. Thus, as I believe, wo can under- 
stand why with domesticatetl animals varieties have not been 
produced which are mutually sterile ; and why with plants 
only a few such cases have been observccl, namely, by Gartner, 
with certain varieties of maize and verliascum, by other ex- 
perimentalists with varieties of the gourd and melon, and by 
Kiilreuter with one kind of tobacco. 

With respect to varieties which have originated in a state 
of nature, it is almost hopeless to expect to prove by direct 
evidence that they have been rendered mutually sterile : for if 
even a trace of sterility’ could bo detected, such varieties would 
at once be raised by almost every naturalist to the rank of 
distinct species. If, for instance, Gartner’s statement were 
fully confirmed, that the blue and red flowered forms of the 
pimpernel (^Anagallit arrensti) are sterile when crossed, I pre- 
sume that all the botanists who now maintain on various 
grounds that these two forme aro merely fleeting varieties, 
would at once admit that they were specifically distinct. 

The real difiBculty in our ]>resent subject is not, as it appears 
to me, why domestic varieties have not become mutually in- 
fertile when crossed, but why this has so generally occurred 
with natural varieties as soon as they have been modified in a 
sufficient and permanent degree to take rank as species. We 
arc far from precisely knowing the cause ; but wo con see 
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that the species, owing to their stnigglo for existence with 
nuiueruus comjwtitors. must have been exjK)sed to more uni- 
form conditions of life during long periods of time than 
domestic varieties have been, and this may well make a 
wide difference in the result. For we know how commonly 
wild animals and plants, when taken from their natural 
conditions and subjected to captivity, are rendered sterile ; 
and the reproductive functions of organic Ireings which have 
alwaj's lived and been slowly modified under natural con- 
ditions would probably in like manner be eminently sensitive 
to the influence of an unnatural cross. Domesticated pro- 
ductions, on the other hand, which, as shown by the mere fact 
of their domestication, were not originally highly sensitive 
to changes in their conditions of life, and which can now 
generally resist with undiminished fertility repeated changes 
of conditions, might be expected to produce varieties, which 
would be little liable to have their reproductive powers inju- 
riously affected by the act of crossing with other varieties 
which had originatod in a like manner. 

Certain naturalists have recently laid too great stress, ns it 
apixsars to me, on the difference in fertility between varieties 
and species when crossed. Some allied species of trees cannot 
be grafted on one another, whilst all varieties can be so 
grafted. Some allied animals are affecte<l in a very different 
manner by the same poison, but with varieties no such case 
until recently was known ; whilst now it has been proved that 
immunity from certain poisons sometimes stands in correla- 
tion with the colour of the individuals of the same species. 
The period of gestation generally differs mueh in distinct 
species, but with varieties until lately no such difference had 
been observe<l. 1 1 ere we have various physiological di fferences, 
and no doubt others could be added, between one si>eciee and 
another of the same genus, which do not occur, or occur with 
extreme rarity, in the case of varieties ; and these diflerences 
are apparently wholly or in chief part incidental on other 
constitutional differences, just in the same manner as the 
sterility of crossed si)ecie8 is incidental on differences confined 
to the sexual system. Why, then, should these latter differ- 
ences, however serviceable they may indirectly bo in keeping 
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the inhabitants of the same country distinct, be thought of 
such jmramount importance, in comparison with other inci- 
dental and functional differences ? No sufficient answer to 
this question can be given. Hence the fact that widely 
distinct domestic varieties are, with rare exceptions, perfectly 
fertile when crossed, and produce fertile offspring, whilst 
closely allied species are, with rare exceptions, more or less 
sterile, is not nearly so formidable an objection as it appears 
at first to the theory of the common descent of allied species. 
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CHAPTER XX. 

SKLECnOX BY MAS. 

8ELECTIOS A DIFFICVLT ART— MKTHODICAI.. rSCOSBClOfS. AND NATTRAL 
BELECnOS— BIHjri.Tg OF METHODICAL BELBCnON— CARE TAKEN IN SE- 
LECTION — BKLECTION WITH PLANTS — BELECTTON CARRIED ON BY THE 
ANCIENTS AND BY SEMI-CIVILBIED PEOPLE— fNlMPOBTANT CHARACTERS 
OFTEN ATTENDED TO — CNCOSSCTOIS SELECTION — AS aRCTMSTANCEB 
8LOWXY CHANGE, SO HATE OCR DOMESTICATED ANIMALS CHANGED 
THROUGH THE ACTION OF UNCONSCIOUS SELECTION — INFLUENCE OF 
DIFFERENT BREEDEIIS ON THE SAME SUB-VARIETY — PLANTS AS AFFECTED 
BY UNCONSCIOUS SELECTION — EFFECTS OF SELECTION AS SHOWN BY THE 
GREAT AMOUNT OF DIFFERENCE IS THE PARTS MOST VALUED BY MAN. 

Tub power of Selection, whether exercised by man, or brought 
into play under nature through the struggle for existence and 
the consequent survival of the fittest, absolutely depends on 
the variability of organic beings. Without variability 
nothing can be efiected; slight individual differenoes, how- 
ever, sufSco for the work, and are probably the chief or sole 
means in the production of now species. Hence our dis- 
cussion on the causes and laws of variability ought in strict 
order to have preceded the present subject, as well as inheri- 
tance, crossing, &o. ; but practically the present arrange- 
ment has been found the most convenient. Man does not 
attempt to cause variability ; though he unintentionally effects 
this by exposing organisms to new conditions of life, and by 
crossing breeds already formed. But variability being granted, 
he works wonders. Unices some decree of selection be exer- 
cised, the free commingling of the individuals of the same 
variety soon obliterates, as we have previously seen, the 
slight differenoes which arise, and gives uniformity of cha- 
racter to the whole Ixxly of individuals. In separated 
districts, long-oontinued exposure to different conditions of 
life may produce new races without the aid of selection ; but 
to this subject of the direct action of the conditions of life 
1 shall recur in a future chaiiter.' 
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When animals or plants are born with some conspicnons 
and firmly inherited new character, selection is reduced to the 
preservation of such individuals, and to the subsequent pre- 
vention of crosses ; so that nothing more need bo said on the 
subject. But in the great majority of cases a new character, 
or some superiority in an old character, is at first faintly 
prononncwl, and is not strongly inherited ; and then the full 
difficulty of selection is experienced. Indomitable patience, 
the finest powers of discrimination, and sound judgment must 
be exercised during many years. A clearly predetermined 
object must be kept steadily in view. Few men arc endowed 
with all these qualities, especially with that of discriminating 
very slight differences ; judgment can be acquired only by 
long experience; but if any of these qualities be wanting, 
the labour of a life may bo thrown away. I have l«en 
astonished when celebrat^ breeders, whose skill and judg- 
ment have been proved by their success at exhibitions, have 
shown me their animals, which appeared all alike, and have 
assigned their reasons fur matching this and that individual. 
The imjiortance of the great principle of Selection mainly lies 
in this power of selecting scarcely appreciable differences, 
which nevertheless are found to be transmissible, and which 
can be accumulated until the result is made manifest to the 
eyes of every beholder. 

The principle of selection may be conveniently divided into 
three kinds. Methodical telcction is that which guides a man 
who systematically endeavours to modify a breed acconling to 
some predcterminc<l standard. Uneonseiout tdeclion is that 
which follows from men naturally preserving the most valued 
and destroying the less valued individuals, without any 
thought of altering the breed ; and undoubtedly this process 
slowly works groat changes. Unconscious selection graduates 
into methodical, and only extreme cases can be distinctly 
separated ; for he who preserves a useful or perfect animal 
will generally breed from it with the hope of getting offspring 
of the same character ; but as long as he has not a prede- 
termined purpose to improve the breed, he may be said to be 
selecting unconsciously.* Lastly, we have Natural gelection, 

' The term uncosKioiM tclection has been objected to aa a contradiction ; 
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•which implies that the individuals which are best fitted for 
the comjilex, and in the course of ages ehanging conditions to 
which they are exposed, generally survive and procreate their 
kind. With domestic productions, natural selection comes to 
a certain extent into action, independently of, and even in 
opixwition to, the will of man. 

Methodical Selection. — What man has effected within recent 
times in England by methodical selection is clearly shown by 
our exhibitions of improved quadrupeds and fancy birds. 
With respect to cattle, sheep, and pigs, we owe their great 
improvement to a long series of well-known names — liake- 
woll, Colling. Ellman. Bates, Jonas Webb, Lords Leicester 
and Western, Fisher Hobbs, and others. Agricultural writers 
are unanimous on the jiower of selection : any number of 
Statements to this effect could be quoted ; a few will suffice. 
Youatt, a sagacious and ex{)erienced observer, -writes,* the 
principle of selection is “ that which enables the agricul- 
turist, not only to modify the character of his flock, but to 
change it altogether.” A great breeder of Shorthorns * says, 
“ In the anatomy of the shoulder mo<lcm breeders have mac^e 
“ great imi)rovement on the Ketton shorthorns by correcting 
“ the defect in the knuckle or shoulder-joint, and by laying 
“ the top of the shoulder more snugly in the crop, and thereby 

“ filling up the hollow behind it The eye has its 

“ fashion at different ijoriods : at one time the eye high and 
“ outstanding' from the head, and at another time the sleepy 
“ eye sunk into the head ; but these extremes have merged 
“ into the medium of a full, clear and prominent eye wth a 
“ placid look.” 

Again, hear what an excellent judge of pigs * says : “ The 
“ legs should be no longer tlian just to prevent the animal’s 
“ belly from trailing on the ground. The log is the least 
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“ profitable portion of the hog, and we therefore require no 
“ more of it than is absolutely necessary for the support of 
“ the rest.” I^et anj' one compare the wild-boar with any 
improved breed, and he will see how effectually the legs have 
been shortened. 

Few persons, except breeders, are aware of the systematic 
care taken in selecting animals, and of the necessity of having 
a clear and almost prophetic vision into futurity. Lord 
Spencer’s skill and judgment were well known; and he 
writes,^ “ It is therefore very desirable, before any man com- 
“ mences to breed either cattle or sheep, that he should make 
“ up his mind to the shape and qualities ho wishes to obtain, 
“and steadily pursue this object.” Ix>rd Somerville, in 
speaking of the marvellous improvement of the New Leicester 
sheep, effected by Bakewell and his successors, says, “ It 
would seem as if they had first drawn a perfect form, and 
then given it life.” Youatt * urges the necessity of annually 
drafting each flock, as many animals will certainly degenerate 
“ from the standard of excellence which the breeder has 
established in his own mind.” Even with a bird of such 
little importance as the canary, long ago (1780-1790) rules 
were established, and a standard of perfection was fixed ac- 
cording to which the London fanciers fried to breed the 
several sub-varieties.’' A great winner of prizes at the Pigeon- 
shows,* in describing the short-faced Almond Tumbler, says, 
“There are many first-rate fanciers who' are particularly 
“ partial to what is called the goldfinch-beak, which is very 
“ beautiful ; others say, take a fulj-sizo round cherry then 
“ take a barleycorn, and judiciously placing and thrusting it 
“ into the cherrj’, form as it were your beak ; and that is not 
“all, for it will form a good head and beak, provided, as I 
“said before, it is judiciously done; others take an oat; but 
“ as I think the goldfinch-beak the handsomest, I would advise 
“ the inexperienced fancier to get the head of a goldfinch, and 
“keep it by him for his observation.” Wonderfully different 
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